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Preface
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Executive Sumimary
Aircraft Command in Emergency Situation (ACES)

hok Ii 1 (1,) I ' i~CrcIaI \I Irp Llle Gf uIp.-) Ad\I:llnked Progra Ils. I layload (I stenis, perforrned thIits prodcILt (levelI-
pic~tlei >-tudv IKr lte Fe~lA% iation Adinistration Technical Center ( FAATC, Atlantic City International

Airpi In\cx ler~cv Lintde. Co ntract No. l)TFA A-8-C--0006 1. The genesiS for this study arises from the
F\As (S r rilYii r i.itrv clctco.tjin anidfl contolt iof inflighlt smoke, lire incidents aboardl commercial jet aircraft.

h); n xiint ti prokduct (1kcxcloptnenit study% is tile compII~utrization of the modern :omrwciial jet
ftii lt li , dock, file e% vol in ii v -.]I Jixai the t,,vo-pe-rson flight dleck crew, andI~ tile doc'umnTted tilileS take-n

cI( jt ild olpelet tite- appri priate: entergencv prcdue luring( paSt aCCi(dentS. The
1)1, [1 ti , o Itrac(t '.xa ( ci idut a i ut delinition stui\' that would identify two systemns 'Indi

i 'ito I Ilr.\ ite hi!Lt %%i mild prov ide: for the. fas ter detection and identification of ani inflight ,,nokc tile
W l I it .1-1k k. I Lto- Cl% xxIC.is( S ns. Thlkp rimalrv objec(tix -_ o f anl AC~I '-tvpC systeml is [0 prov ide a1

'k" r XJect ea Ilyil(: I 111K tdc tiic mak adecision to land~ at the nearest SuI abile airp)ort.

dce loplg 'Iri: ACT I' s '0.1i omnepts. a:mfour-.stcp process Was IsedC: 1)I re:View\ Of aiI-rraft recIluirenentIIs
.idp:,xiu o -ijije 2) t ilte neccssary databaSe cml Ccrtly available aind new sensors atnd

d(te. T( ic I*, .i )d ecl )1 [11 0 Mh lIM" 1p (AIu iremenIloItS fo r each of the proposed detecction approache is: a id, -i
1,11t !I t; ne' es-.: i lbt der k int'fa U red(luir(2menIts for both sensor system~ sttusad Mcomn (0III-nications".

II .ii ~ ~7 2'I xxa slectd ; th iselirt ailrcrat for thle NtuLCN modeIl Both of the ACES conc-epts
'A Cl ip [(.[ tIplo lici ln t in del for c.omparative puLrp)oses and1( analYzed agaminst scenar11ios identi-

ic-'1in0 dclw ll it : prkevinti'. FAATC coot ract. The installed cost tif each A CES conc-ept wvas estimazted foi-
Ii I n itAnd (n(iltiin "t impac'.It ()in current 1iiodtiction 757-200 aircraft. Costs wevre estimated for

I . n n4 ill ipleittentatiolt inl current ye-Ar ( 1990) dollairs. Retrofitting to existing aircraft is beyond thle
lii '.ti.lv inint roiere prt e4 rhis, oor' a1nal1Ysis.

Ii It h (Ilx '.si cI Isp 'rLII ))t of the i ACES cuoncepts centered primarily onl nexv and improved sensor
ittide t i 1, q It% ii( Ii I ad te ItrI.IIIIprm well ictt inl flight cleek operations which coulI d be reaIized -with

m(; C~ I . iiI'I\el le t C icpt A\. %xv hih inc ludedI new- types of ionization and photn elcctric
Vit I I o- I~tl .ditIh( n'aIl aIreas selcted for coverage' wvitIltile preCssuri-Zed fuISelage.C atnd a

* t 1 is I-, I t, I 1  I'et tI e fligh t dck with emeringency prrocedu res Concept 13 expands onl the i

I! 5 1 1 It\ i 'i t ('.11 llie pI A: ntorc areas art_: to be moni to red, greater use of ,IaIog a nd dIi'itmi
-iI,, I (!(,I"iitj iliti And( II li ntori aIplhi Ii t v (aI ci instic xv irez a.nd fiber opItic). anrd an I nfl igl I

I i\ : ;it itiur 'i: i~e t1 (it lek t(asis if -ncessa, r* in diverting to anl alternate airport.

I ltV1, Is( 11 uiCIs l, cldr'Yed Ii ILIr pcii areas that had been previously identified as having

Iiit I i izi ii t nii it~ i veilets.'IIice(tes wre:

n____ I tIl '.i I -I x t 1)1i- 1,tit1ro 11'- ct (l e",ign1 1 tlp ro~vemfien11t. hve:I inc:l "'d ovecrall systemn reIi a bilIity
,11;( ;i a hI. \k-fl(i lhiti, a11A IIIl 'Iitxll reduceU thle potential for f-alse alarmns by trend inonitoring, and

IS 1i 1 I I ii , , -ts 1 1,A5 tII . ,Ic. 1ie ( C 11 (c:t o t "Ialse ala,1rms haI Is been fou nd( to be iine of the main11 CJaIus
11i 1. ci: i o i k InI t o (lIxert11h)I ti la te a irpo rts.

I~() 'ic I) 11i eiV I It ititi Il ti I i t (lck ca.In be i I Iproived hy 1)ro ilil~ m1ore clehi t ive dlatti
md iii,u'.. ii oii imi t ris I elxvit the flighit devck and cabin crexv. Nexv automnated systemrs have

liIll( ti It i s et in 1--Id r %,il ili more (linlitative i inratioin such as tile type mid locaition of

lip ti



Crew response - Crew response can be significantly improved with the implementation of an automated
emergency procedure checklist. These checklists are keyed to the type and location of the smcke/fire
event and are available immediately after an alarm is initiated. Additional improvements can be realized in
the verbal and nonverbal communication between the flight deck and cabin crew with the implementation
of a new cabin attendants panel that will interface with the flight management system.

Crew decision making - Flight deck crews are required to make several key decisions once an alarm or
alert is sounded. Most often these decisions are sequential in nature with periods of time used for diagnos-
tics and analysis. The delays incurred to confirm the alert also delay initiating a response. An electronic
checklist called up by the flight management computer when an alarm is initiated saves the crew time in
locating emergency reference handbooks and starting the emergency procedure. The Boeing-developed
electronic checklist provides a listing of the emergency procedure steps which must be initiated, tracks
each function that is in progess, and displays those functions which have been completed. If a decision is
made to divert to an alternate airport, an automated Inflight Planner can be selected to display information
on alternate airports along the flight path, flying time to each airport, weatlier condition,, runway status,
and equipment available. This information is displayed on the lower Engine Indications and C w Alerting
System (EICAS) panel located in the center console.

New technology sensors include improvements in both photoelectric and ionization smoke/particle detec-
tors and new technology thermal sensing systems capable of monitoring and estailishing a thermal profile
of the area where they are installed. All detectors are interfaced with the aircraft data bus and flight
management computer system, providing alarm indications directly to the flight deck. The generation of a
smoke/fire event signal causes the automated emergency checklist to be activated and displayed to the
flight deck.

The need for additional detector coverage has been identified for the galleys, lavatory, overhead compart-
ment (attic), conditioned air exiting the air packs, and hidden areas. The new detectors g-eatly reduce the
potential for t dse a!arms (a constant source of problems in existing aircraft), one detector requires a given
number of sequential pulses (4 pulses, 2 seconds apart) before the alarm threshold is reached. The use of
parallel detectors coupled with "and" circuit logic further reduces the potential for false alarm by providing
concurrence and backup. These circuits are reconfigurable if one of the detectors fails, and will provide
maintenance messages if a cirtuitry fault is detected, and still allow the aircraft to be dispatched. A matrix
of detector types, capabilities, advantages, and disadvantages, reviewed during the course of the study, is
provided as an Appendix.

Average unit costs for an installed system, which includes all nonrecurring and recurring costs based on a
fleet implementation for 200 aircraft, is $57,300 for Concept A, $189,150 foi Concept B utilizing a
Schlumberger acoustic thermal detection system, and $190,150 for Concept B incorporating York fiber-
optic thermal detection system.
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1,llill '4tlil :11 1.-() i t lii c nii il ( i I&DiI) thum tilti (\ II llL(CIiIll> ])()i hc ink 1 .\i\ 90 1 Ic S

\A F cll S i I incI ltc k I k\ . I ) IIu It I l~ 99 lQIt) N IM -,I." tihcAII1,. ( I d\\ I .dcIt ()litr It Il I\\ii )Iu IIIi~

\t.( to )ii 1iA) 10 ltci (, (Ik,)8rI. It ii cinciis t I -i ,;III( 19$- in hc dIi cc ho)II wn wd i t 0i- I T I h I

and dxlahie 1-I. Trtanspth Acqircraftn ir Saocfie Rulemako 1ing

011'", ThcCAR 't-.in inale (ihO Rul C( )oplhicetl Par-ttso- l Am'dI

A.,'t f I IIII-- ) nl"l blockingt layers 10/26/84 11/26/87lly 25,, 29,121. 25-59olmil 11 nil"

oo11_ 1\r promIytcl lightingslcdsiloo 19/684 11268 25, 12sliu 25-58lk I-

Cabine fire protection 3/29/85t 121e 121-185leitki

Lavator smole detectorse 10/29/86

Laator uoai fire exting uishers 402/4 1/29/87 259,1 2-9

Halon 1211 hand extinguishers 4/29/86

Hand extinguishers 4/29/85

Cargo compartment fire protection 5/16/86 6/16/86 25 25-60

Cabin material flammability 7/21/86 25, 121 25-61

100/100 heat 8/25/88 8/20/88 25-66

65/65 heat, 200 smoke 8/20/90

Crew protective breathing 6)3/87 7/6/89 121 121-193

Cargo compartment fire proection 2/17/89 3/20/91 121,135 121-202

Source: O.P. Sarkos paper presented at International Aircraft Cabin Safety Symposium.
January 22-25, 1990



A i'e I 1i 1'0 iii~ I I' le alk a I mde withI a polyurctiic I oamn core that can produce lethal smioke and
0ii 1:11m 1Il 'e kIllei Imelnt 25- ,) es tal )I shed the seLat blocking rule (FARs 25.853 (b) and 121.312 ()))

rel 1 Il'. ') 't 1 .iI liv tulest ICSlit material I() encapsulate thle foam11 core seat cushion. T'he blocking
dkJ\ 1,1" Ik it i ''iwini le~at hxiincore thereby pro)viding a more survivable environment.

A, I i. tilt- tipperI p v kriit t(le k,.1IhII I", tilled with hiot buoyant smoke and g:iscs.As smoke and
Wii ' I, N. ':r I)\ tlvt-, ire. the su k eln'descenids down to fll (ii i level. I or pri xim-

t\ 'Li ii killiink RIit -): -iS, iesttltii in FA~s 2 1 (ec) and I 21.511 (c). is thuc means to direct passen-
ceii m i'i'R litcxlt dur111ng 11he extremlllitlet o101ULS(I pitssenur egress".

.1 in ImII,- po, dtlonI InI airplwn tavah triand hanld held fir'e extingilishers wer'e greatly
h' kv ith il plIt. 'iii in Amendmek.nt 12115 'This regulati rv activity wa,,Is thle reCsult of to closely

ill, 1( ' )""I 3 at C itcinnatII Ii and !LuneI 251, 1 983 a ',I ImT I JI "A R 12 1.308 requires thati eachI
''i I Pl 'I ic \k a smoke detctor s'vst cill which prov ides a warning to thle flight altteInnt and

[:!c' lit' 1. tii i itM% eac lxati iv trash re-kcptacle he equippedC wvith a fire extinguisher that 'viiiild
illl ii'iiiit ii11 it i in tuec in tile r.cepta. Ie. FAR 121.309 addl-esses tile need for ain increase in tile

Iii. I i 'I el 1'l' 1,'Xtiigiitir I'll hS12 (e inlUle(d inlasene aii'craft of- 60 seats o)-rimore and iteqllirvs
I!,! [IiA [ho, \tln(ll"UlC'S Onftai I Ilalon 1 121 1 or ertuixalen1crt as extinguishing agent.

Ilie Ilic. ~' '. in TI Ii ~utoll di ir lss C and 1) cargo) compar'tments Were upg,1radeod by Amendment
I I '' iiiip.i rI(nent \ ilkne w\as reticted to 1,000 cubic feet (FA 2585 ((. IFARI 25.85

'.pe.'il !Io-\\ hi i(ii'1) th ire test, cliteria for C and 1) Cargo compartment ceiling and sidewxall liner
\~~l 1" A i I ) 'Si 1i ' tiltiIIellt depends mli xye starvlation to contro 0 a fire. 'This method of fire

d ti If ii )Ii t~ 111 oIInil)artnltlineL111r mlaerial not be breached. and thus allowv air to enter the
tlts 011 Intlted ,i l. o (tl these rles. 'serve to dpgrade the fii'e safety staindards of Class 1)

AiiiAii Ilk w1 i '9 "'Iid', ltIC e tile- s~itetv stImncklrd tor' cabin interiors byi e'stablishing newv fire testing
I i i i, 1, A -in-ilit 2(tOd re it(:IC tes.t criteria. e~stablished by 25)-61 and adds new reqUiienients for

"II i~K 'l 1151 Ii('111. I kksc 1v( tV'1 ai ntliitents identify thle Ohio State University rate-of-heat-i'elease
a .i I, 0 h .1 11 t'T t ait,thle me-t li iii tiii' dtermining materiail qualification. Smoke emission testing is
mu1ie u ii t jeIh 11 1 aI tnk ll(Aik Crtr-atii n Will have on emergency egress.

Ai ii 'ii wIi ' I _ t-i qli lre' p'ietv hrcatlling i upmn ('1,1~ I (P1k 1.suIch as a ftll faice mask attached to ant
'.Ippdv, hi' ii.k 'I\ aailable to theC Iih attendants, In addition to the tlighlt deck crewx. to prov'ide

P!'' 'K 11 i % 11 T li t  
It N 1ard ire.lreftl iVitnssic 93 h latest being the 1983 Cincin-

11,I! l . d ii Il t.. t.ti ilt' t iaind in Ilis amnd(ment. W\;it PHE available it is conceivable that
ilk k) di II( h~i 111( 0 inl i.',icl o4 these thre ic cents tnav haxve been lessened. Pnirtalble P13k as
wit.' thu h li this t-11it lto hii lie( ttcd withdin thre-e feet of eahhand held fir'e extingutishe' (FAR 121.337)

1,) I-,1 , 11.t i(i% IItI4 thelire Anuentdiulenrli 121 218 extenids thle compliance date fl(iom 716/89 ais
"Ii 'A i i I I I I It) I 1 1W1

AMi'iI 111l1ii 121I I'll)-, I ARi 1 1.3 Itti retringent burn-1 through1141 requ~iremenIt-s on1 all Class C and 1)

11.1w ' ,~ ' . 1A hi ii ."'. fli - \lv llittd ai' rd~.s (or targi) cititupatii t fir-e clc'tu'ttiemr systems and is

I I it-d ( (i Ilk inl lvi i 11lw' ivtle al \istiil unldicatii n to ile flight deck \\'ithll line mninute
jii lt Hit, t111 itt td tit.

*Ii w -R i t h '.1 i (a p~ilh tI t duto's trig a tirc at aI temuperatitre si gnificantly below that ait
ti:( h I; stll(i Itll iniegl'ifv (it thie iirplaiue is sutan"'llt ially dhcca ,sed.



c) There must be means to allow the crcw' to check inflight, the functioning of each tire detector
circuit.

d) The effectiveness of the detection system must be shown for all approved operating configura-
tions and conditions.

The major impact of the part 25.858 is the tightening of the respond time criteria from five minutes to one
minute. This has led to the use of even more sensitive detectors, which can impact the rate of false alarms

The above FARs coupled with increased systems reliability and years of safety design experience, has
greatly improved aircraft fire safety. However, there are still improvements which can be made to provide
increased, cost effective, passenger safety benefits.

1.2 PREVIOUS STUDIES

Several distinguished studies that established the groundwork and technical feasibility of advanced smoke
fire detection systems have been previously undertaken by the FAA and private companies. These studies
form part of the foundation and direction which has influenced the ACES program. Namely:

Heath Tecna, Kent, WA. 1985/86 - Developed a microprocessor prototype demonstration system utilizing
smoke detectors, fused links, and thermistors (R&D) (Reference 3).

Hughes Associates, Wheaton, MD, 19871188 - Conducted an FAA-funded state-of-the-art review of detector
technology focusing on the location and magnitude of temperature changes and software required to link
existing data systems (Reference -0.

Dunlap and Associates. Norwalk, CT, 1987/88 - Conducted FAA-funded technology assessment study
of automated smoke fire detection, postulating scenarios for evaluation of hypothetical ACES system
(Reference 1).

1.3 PURPOSE
The purpose of the ACES contract is to develop two system configurations utilizing either a different
approach or complexity, which, through analysis, will demonstrate the prcjected systems effectiveness in
both performance and cost. The goal of each system is the same, to provide accurate and timely smoke, fire
warning to the flight crew, (cabin and flight deck). Such warning will enable the fire to be controlled and
procedures implemented to expedite the landing of the aircraft.

2. SCOPE

The ACES contract studied several broad areas: current and new sensor technology that would provide
additional detection capability on the study aircraft; the computer interface and processing required to
integrate an ACES-type system; display format and type of information to be displayed on the flight deck
and impact and improvements to crew workload as a result of integrating the recommended ACES concept.

A matrix that details the configurations and capabilities of the baseline aircraft and of the tvo ACES con-
cepts is shown in Table 2-1. An assessment and analysis of the concept systems performance was accom-
plished using only the 757-200 (baseline) study aircraft and the scenarios previously postulated in the
l)unla p and Associates technology assessment.



Table 2-1. ACES System Configurations.

Baseline ACES Configuration
757-200 Concept A Concept B

DqlgctQr Locations
Lavatory
Ceiling - smoke Ion-discrete Ion-discrete Ion-discrete
Under counter - smoke N/A Ion-discrete Ion-discrete

Attic
Smoke N /A Photo-pulse Photo-analog
Thermal N/A N/A Yes (1)

Air-conditioning
Smoke N/A Photo-analog Photo-analog

Cargo
Smoke Photo-discrete Photo-pulse Photo-analog
Thermal N/A N/A Yes (1)

Galley
Smoke N/A Ion-discrete Ion-discrete

Lower lobe cheek
Smoke N/A N/A N/A
Thermal N/A N/A Yes (1)

Computers
Baseline Yes N/A N/A
Baseline w/ expanded memory N/A Yes N/A
New computer N/A N/A Yes

Flight Deck
Quick Reference Handbook Yes N/A N/A
Electronic Checklist N/A Yes Yes
Inflight Diversion Planner N/A N/A Yes
System Synoptics N/A N/A Yes
Alerting System

Baseline Yes Yes N/A
Expanded N/A N/A Yes

Cabin Attendant
Crew Call System Yes N/A N/A
Cabin Attendant Panel N/A Yes Yes

Note 1: Thermal monitoring: acoustic (Schlumberger) or fiber optic (York)

2.1 (OBECTIVES OF STUDY

S;ivo n Imoli.0it ,moke, fire emergency:

The oh1cctivc tf the ACES study was to develop two system concepts that would result in reducing the time
rcquired to imikc a decision to land the aircraft; provide accurate, timely, and complete guidance to the
flight f:w fr their use in responding to inflight smoke/fire events; and to enhance/improve the situational
aVa, rnc,, "l t the flight crew to an inflight fire.



2.2 STUDY CONSTRAINTS

For planning and control purposes, some parametric constraints were placed on the study. These param-

eters are given belv:

a) Smoke fire evcnts were restricted to those occurring in the pressurized volmeC; engines,
control surfaces and othlr non-pressurized areas are not considered.

b) The studv is directed at large commercial passenger transport category aircraft only. Smaller
general aviation aircraft are not considered.

c) Only new airplanes are considered. Issues regarding fleet retrofit are not addressed.

d) lor sensors to be considered for ACES application they must be commercialllv available.
Sensors in breadboardR&D stage of development were not considered.

e) Volume, weight, and maintenance considerations of ACES hardware must be adaptale to
aircraft application.

Specific applications of ACES concepts were limited to the Boeing 757-200, but additional considera t n
weas given to "combi- type a)ircraft, where passengers and cargo are colocated on the main duck, po.,ing
uinir.que safety considerations.

2.3 APPLICATION OF )UNLAP SCENARIOS

'he fire sccnarios described in Reference I were prepared by Dunlap and Associates in their technology
assessment and have been used as a basis for comparing the capabilities of the baseline airplane and each
of the two ACES concepts. Improvements in detection time and outcome are postulations based on ai
experienced engineering assessment and practical first hand knowledge of the aircraft, its systems and
operational procedures, changes in regulations, and the addition of new technology smoke and fire detec-
tion systens.

A suMmarv of each of the l)unlap scenarios is discussed in Section 7.1. Figure 2-1 is a matrix tabulation of
the general parameters and conditions of these scenarios.

Four specific areas were identified in the Reference 1 report where an ACES type system would contribute
to significant improvelents in overall aircraft safety. The areas identified, and investigated in the course of
this produce definition study, are given belov:

a) Sensing - Improvements can be achieved with the implementation of newer, increased sensing
capaItility smoke,'fire detectors and additional selected locations.

b) Alerting - By integrating the sensor and detector systems into the aircraft avionics data buses.
the flight deck can receive the alerts the instant they are detected.

c) Crew response - A significant amount of time can be saved with the automation of the emer-
gencv proceduIes checklist, which, "nce activated by an alert, would be instantly available to
the flight deck crew for implementation.

d) Crew decision making - Once an alert is sounded and the emergency checklist is imple-
mented, the flight crew will be able to consult the Boeing-developed "NEXPERT" system for
assistance in diverting to tile closest suitable airport.

Ipon review and study of the Reference I report the above four areas were found to be major links in the
smoke fire detcction,'response c:hain required to accomplish the primary goal of ACES: land the aircraft and
evacuate the passengers as (uickly as possible. While these areas are of importance, they, were not used as
study constraints.
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Type of Indication Identified Discern
Scenario Indication Speed Location Smoke/Fire

Scenario #1 Horn and Light Immediately Upon Aft Cargo Only Smoke
Wide Body (Master Warning) Detection; 7-15 minutes Detectors
3 Engine After Ignition
3 Crew

Scenario #2 Interphone Message immediately Upon Aft Lavatory Attendant Identifie
Narrow body Detection; But May Smoke and Fire
2 Engine Have Been 14 minutes
2 Crew After Ignition

Scenario #3 Horn and Light Immediately Upon Aft Baggage Only Smoke
Wide Body (Master Warning) Detection; No Ignition Detectors
4 Engine
2 Crew

Scenario #4 Horn and Light Immediately Upon Aft Lavatory Only Smoke
Narrow body (Master Warning) Detection; No Ignition Detectors
3 Engine
2 Crew

Scenario #5 Interphone Message Immediately Upon Center Lavatory Attendant Identifi-
Wide Body Horn and Light Detection; Several Smoke
3 Engine (Master Warning) Minutes After Ignition
2 Crew

Scenario #6 Interphone Message Several seconds; Ceiling Light Passenger Identifi
Wide Body Overheat Occured Ballast Odor Only
4 Engine Before Sensing (No Smoke)
3 Crew

Scenario #7 Horn and Light Immediately Upon Avionics Bay Only Smoke
Narrow body (Master Warning) Detection; Several Detectors
2 Engine Seconds After Smoke
2 Crew Started
Scenario #8 Cabin Attendant 1 Minute; 5 Minutes Forward Closet Attendant Observ
Wide Body After Ignition Smoke
2 Engine
2 Crew

Figure 2.3-1. Dunlap Scenario Evaluation



OPS ManualContains Specific
Procedure for Fire in
Identified Location
Flight Crew Procedures

dication Identified Discern Indication Time
Speed Location Smoke/Fire True/ False Available to Locate

diately Upon Aft Cargo Only Smoke True Yes 4 Minutes Y
1: 7-15 minutes Detectors E
qr Igniti-ah

diately Upon Aft Lavatory Attendant Identified True No N/A
-ion: But May Smoke and Fire
-en 14 minutes
er Ignition

diately Upon Aft Baggage Only Smoke False Yes Immediate
)n: No Ignition Detectors

Jiately Upon Aft Lavatory Only Smoke False No N/A
)n: No Ignition Detectors

Jiatel, Upon Center Lavatory Attendant Identified True DC10 - Yes Immediate
-ion; Several Smoke L1011 -No N/A

After Ignition

al seconds: Ceiling Light Passenger Identified True No N/A
eat Occured Ballast Odor Only
re Sensing (No Smoke)

liately Upon Avionics Bay Only Smoke True Yes Several
-ion: Several Detectors Seconds
s After Smoke
3tarted

te: 5 Minutes Forward Closet Attendant Observed True No N/A
r Ignition Smoke

j Scenario Evaluation



OPS ManualContains Specific
Procedure for Fire in
Identified Location
Flight Crew Procedures Cabin Crew Procedures

Indication Time
True/ False Available to Locate Followed Available Followed

True Yes 4 Minutes Yes, But Did Not No N/A

Expedite Return

True No N/A N/A Yes Yes

False Yes Immediate Yes No N/A

False No N/A N/A Yes Yes

True DC10 - Yes Immediate Yes, But Diverted Yes Yes

L1011 -No N/A N/A

True No N/A N/A Yes Yes

True Yes Several Yes N/A N/A

Seconds

True No N/A N/A Yes Yes
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Type of Indication Identif ied Discern
Scenario Indication Speed Location Smoke/Fire

Scenario #9 Interphone Message 1 Minute After Smoke Cabin Smoke Attendant Observed

Narrow body Was Observed Smoke
2 Engine,

2 Crew

Scenario #10 Horn and Light Immediately Upon Lower Lobe Smoke Detector
Wide Body (Galley Smoke) Detection; But May Galley
3 Engine Have been 26 Minutes

3 Crew After Ignition

Scenario #11 Interphone Message Immediately Upon Galley Oven Attendant Observed
Narrow body Sensing; 12 Minutes Smoke
2 Engine After Smoke Started

2 Crew

Scenario #12 Crew Observation Immediately Upon Avionics Bay Crew Observed
Narrow body Observing; 34 Minutes Smoke
4 Engine After Ignition

3 Crew

Scenario #13 Interphone Message Immediately Upon Passenger Cabin Attendant Observed
Wide Body Observing; 1 Minute Smoke and Fire

2 Enigne After Ignition

2 Crew

Figure 2.3-1. Dunlap Scenario Evaluation (Continued)



OPS Manual Contains Specific
Procedure for Fire in
Identified Location
Flight Crew Procedures

ation Identified Discern Indication Time
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OPS Manual Contains Specific
Procedure for Fire in
Identified Location
Flight Crew Procedures Cabin Crew Procedures

idication Time
rue/ False Available to Locate Followed Available Followed

Tru& Yes 4 Minutes Yes, Crew Acted N/A N/A

Rashly in Engine
Shutdown

True Yes 30 Seconds Yes, But Delayed Yes Yes
35 Minutes to

Declare Emergency

True No N/A N/A Yes Yes

alse was a Yes 2-3 Minutes Yes, Identified N/A N/A
argo Fire Wrong Source and

Used Wrong

Procedure
True No N/A N/A Yes Yes
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)icjPiescenl I II(( n I'l tltcJ InI riic Dunilp11 report pertains to smoku/ fire emergencies th at occurs

illn in An c onlth"Lnr 11ion liolane (LIas c~g Conmpa rtment ) when no alternate airport nearhy. This
~ci i Ill hc n re d inl full, in Sctionl- 1. 1-1.

BASEINF AIRCRAFT

Il IW 'm 7 - irln w'l> selec ted hy the ACES study team as the haseline aircraft for the purposes
tAn OW Ulod\. A 044 i i ntiu rationl %ith lliCC jxeIss ( first and economiy) passenger seating, four laN'ato-

ne> t:n th ccci Alcvs K ocaitco forwvard, mid and aft is to he used for this product definition StU(IV. The
CenroI r.'4met.principal characte ristics, and body cross section of the 7-)7 aircraft is precsen-ted inI

Ill 1 fl,( ii ut.tid a>, c ini aid package freighter models, thuIs providing, fbr a lull CoIl)nl)llmen[Il

~ n ci intii '11 tiN.va> studied too develop a hill range of aircraft reCCluirements fo)r the
pf tii ind on Otim in (A an ACES s\.,tc_ The 757 affordCed many advantages in the studNy and

d(11111 nih of dw tin t A( TI clcpts. a modern airplane with a state-of-the-art flight deck, Figure 3-1; a tN\w
ii~~~~ Ili 'liIk \ Rdtcto Ind su~ppression system in the forward and aft cargo comlpartment.

I I( I 1w 1 d,( u t~ (it nipped 'Aitl nie auIxiliary powver unit (APL. a, nd wheelwell fire,overheat
'H ~iili~W.'eli' lee sstiisfll (IousKie the press1urized VOIlumeI an~d areC not addressed in the studyI.

Master Warning! Caution Master Warning/Caution

Ln 1 ,- ~

0!

FigCre 3-.7720 lgtDekE0 ipas
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Aural Master Warning/Caution
alarm Switch/Light

Flight deck

Discrete Upper
Warning EICAS Wheelwell / APU

Caution Screen ,' /
Light Duct leak

detection

Aft cargo compartment

Duct leak detection

Flight deck Forward Engine
cargo Engine fire
compartment Nacelle overheat

V Fi-2 E Mi~T FR"G F- FAAAO

2 0

L APU
E

H
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Figure 3-2. 757-200 Fire Protection Systems.

To maintain cabin and flight deck air temperature, air quality, and cabin pressurization, the 757 utilizes a
centralized, two pack, Environmental Control System (ECS). The packs condition (cool) engine bleed air,
that is then mixed (in the mix manifold) with recirculated cabin air and given final temperature regulation
by the use of hot trim air. This air is then delivered to the passenger cabin through the air distribution
system. l)uring normal flight the ratio of fresh air - ) recirculated air is approximately I to 1. The flight deck
is serviced separately from the passenger cabin and receives only fresh conditioned air, no recirculated air.
Lavatory and galley exhaust air is routed directly to the aft lower lobe area of the airplane where it is
vented overboard through the outflow valve. Some of the air exiting from the flight deck and the passenger
cabin is used to control the thermal environment of the Electronic Equipment (E/E) bay and cargo compart-
ments. Air which has been circulated through the E/E bay is then returned to the mix manifold to be
reconditioned with fresh conditioned air.

The ECS/air distribution systems provide several potential pathways for smoke to enter the occupied areas
of the airplane. Smoke could be detected in the contaminated bleed air from one of the engines, the APM, a
faulty pack, or the EiE bay. The E/E bay is equipped with smoke detectors that monitor the air both as it
enters and exits the EF/ bay. if smoke is detected the EE exhaust air is vented overboard. There are
currently no procedures on the 757 to determine if a pack, engine, or API is the source of a smoke
problem, nor is there a procedure which engine or pack (right or left) is the source of the smoke without
some trial and error tests, discussed later in this report.
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3..2 BASI'LINI: I )ETLCj'R1-TYPES

The 1--200 paiss enger airplane employs two sensing technologies, ionization and photoelectric, for
nmonitoringz spcoio. aireas within the pressulrized hull11 for sinoke/fire events. Ionization sensors detect
im i.'"l Ic iarticles, les than 0. 3 pmii) and photoelectric sensors detect visible particles (greater than 0.3 Pill)
stio.h liis sflhkc. [ac h of theise tChn1ologies, ais Used in the 757, are discussed in the following paragraphs.

I,2 h~mlwation

]'he ionizatio n detector used on the 757 and other airplanes in the Boeing family (737,747,767), is a dual-
chamberi type nianulaicturud 1) Jamrco, P./N P1L90-i99R3 (Reference 5). Air entering each of the chambers
plis ws over an alphia radiation Source. Amn2i I. The ionized air, passes between two charge plates, allowving

'tri( MU t1:1w. ( nc chambiler is used as a1 reference and is, only p~artially open to the environment
ti r' ttil It s'iliall pinl hole. Thiis secondary, (reference) chambher provides for compensation due to fluctuaJ-

t ill, p()%\ cr ,LiPl)l\ a.s Well aS Changes in temperature, pressuire, and 11.iidt.Te primary chambher is
t,) the environmeunt and aiNy particles in the air causes theC current flow betwveen the two charged
!o hk t[iturjj . '[hei current flow in the primary chamnber is then compared to the current flow of the

I ctc7 1c ch~iVber Whe the two chambers b~ecome sufficiently "unbalanced," an alarmi signal i~s gener-
,io- d ,\dul--0llmbr.mfi(guration1 is design to reduce the incidence Of false 3alrms.

3.2.2 H otodclcdric

li Fhot it cotric smoke detector usedt on thje 757 and other airplanes in the B~oeing family (737,7.i7,76).
wan1.111t (ctiircd hy ALutronics, P,'N 215 6-L-0 (Reference 6). The detector consists of a photocell, a pilot
iiml.Jit trilp. alnk t test Lm.jip, encased in a light-proof chamber, Figure 3-3.

Pio apProtective -Photoelectric cell

Samrple air inlet Scatere Sample air discharge

Smoke / light

Test LEDLight trap

Figure 3-3. Autronics Photoelectric Smoke Detector.

Thf dctcc to r uini! directs a Sn~ill focu.sed b)eamn of light, from the pilot lamrp, across the chamiber to a non-
rlttt(i , urtaioe (lighit trrip) at the opposite side of the chambher. In clear air, without particles, there is little

() ut sk atreWrirg ot the( Pilot lighit beamn and thus no light rechles the photocell. With the absenice of light.
01l: s1]1, inl a liiglll\ : "Istive state. When particles greater than 0.3 ptrm (visible lparticl-s) enter the chain-
It. ilit I's 5( attered ... Ai somec reaching the photocell. Light striking the photocell causes a decrease in

is i ( Wheni the resistance dops to a calibrated level, equivalent to the light transmissibility to falling
St )2x - to 8H1'., ( ivueasturedl over one foot), an alarm signal is sent fromt the detector to the Automatic

Imit Plfat IA u.gi. Ics Systcni ( A L.S card, (discussed in Section 3.3. 1 ), ftor inlte rpretati on anrl transmit-

'II



tl to the flight deck. lesting of tile 1)[10OO.el is aIccompli.shed~ bV thle use Of thle test LEI) (light ci mu ig
diode) that is t ieiised 01n the phon 0,Cel.

3.3 LOCATIONSNMONITORED

[h l l11pas.sengerI Coi ~firtion1 -1 7-2d ha l~ s snioke',fire protection in the fo)rward and aft Class C ( argo
com1partments, all lavatories, and the forwvard EA: haLv. I lalon 13011 is uIsed for ISlre-S~~ uprsIII fli h (iirg(
comparti ilent.s, Owicaimn for dischlar ,i ni thle halon is initiated from the flight (leek. Small ha 1 on uk

-are install'-d in each of thle lavatory, waste binls. [he hottles have a thermal,1 plug. that when eXPOSed to

elevatedl temiperatureS mel_'ts. recleasing the halon agent. The passenger cabin is, equJippeld wvith 3 to) i ind
held fire Cxigihes the nuimher depenmds; upon passeitger seaxing configuration. of these,( handl hlcd fire
CXting1LiSI icrs at leaist1 2 muILst e, mtain I IlalIon 12 11 o r an equ LivalIent agen, t.

A Nlock dliagraim ot ti2 icexisting smoke fire system, sliy wing( dcCW1 ,torad Suppre)-(SSi(I n h e0itnS.inane
nanee1C message eaphilitv. anld flighit aIttenidant communi1cation1s is given in Fig~ure 3- 1. laihle ~ic h
component co sts, o f the -1 sim kc fire detection system.

F/D--------------(ntercomj
handset

Flight
deck

EICAS
MW/C

Attn Attn Attn
Hand- and- Hand-

set set set

EICAS

messageI

Passenger cabin
(4 ionization detectors in lavatories with waste bin halon bottles)

(4 handheld fire extinguishers)

Forward
EIE bay

3 photoelectric

Cargo bays
Fire Dual "and" linked photoelectric detectors

Fipresso with flow through sampling

Fwd Aft
I Halon fire suppression

Figui-e 3-'i. Existing 757-200) Fuselage Fire Protection .S4steytt-
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Table 3-1. Baseline 757-200 Component Costs.

Locations Unit Type-
Monitored Units Cost Cost Manufacturer Part No.

Cargo
Fwd (1) 2 $788 $1,576 Photoelectic - Autronics 2156-204

Aft (1) 2 $788 $1,576 Photoelectic - Autronics 2156-204

Lavatory
Ceiling 4 $225 $900 Ionization - Jamco PU90-499R3

Forward EIE bay

Supply air (1) 2 $788 $1,576 Photoelectic - Autronics 2156-204
Exhaust air 1 $788 $788 Photoelectic - Autronics 2156-204

Total Cost 11 $6,416

Note 1: Installed as pairs with "and" logic

3.3.1 Cargo C( )mpartments
The ;- forvard and aft lower lobe cargo compartments are classified as Class C compartments, as estab-
liicd in FAR 25.855. Fach compartment is equipped with an independent photoelectric smoke detection
system. The two compartments share a Ilalon 1301 fire suppression system. The cargo detection and
suppres.sioni systems are shown schematically in Figure 3-5.

Fire extinguisher
distribution nozzles

Dual smoke detectors . -

(2 locations)

N. Smoke detection tubing

ist Fire extinguisher bottles

Fire extinguisher system

- Smoke detection system

Figure 3-5. 757-200 Cargo Compartment Fire Protection.
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Each of the compartments detection systems consists of dual "and" linked Autronics photoelectric smoke
detectors, two vacuum source blowers, a plenum, a pressure switch, air sampling ducting, and electrical
controls, Figure 3-6. Air from the cargo compartment is pulled through air sampling ports located in the
compartment ceiling. (The aft compartment has 5 sampling ports while the forward compartment has 4).
The 5 samples from the aft cargo compartment are mixed together (diluting the air from each port by 80%)
and routed to the detector unit which is located just inside the cargo compartment door. The air is then
divided and drawn through each of the dual linked photoelectric detectors.

Air samplingducting

Smoke detector

Airflow
from cargo Plenum
compartment

Pressure sensor

Blower

Figure 3-6. 757-200 Cargo Compartment Smoke Detector Installation.

Redundant vacuum blowers, connected through a common plenum, provide the means to pull the air
through the system. If a blower should fail the pressure switch in the plenum actuates, bringing the second
blower on-line. In addition, the trip causes a maintenance message to be generated and stored on the
maintenance computer.

Each of the dual-loop smoke detection systems continuously monitors the air samples from the respective
cargo compartments for the presence of smoke, the parameter used to determine a fire condition. If smoke
is detected in a compartment by either one or both of the detectors (depending on system status), the flight
deck crew is notified by both visual and audible warning devices. These include the master warning light,
fire warning bell, illuminated cargo compartment fire selector switches, and the Engine Indication and Crew
Alerting System (EICAS) displays.

The AFOLTS is the detection system electronic logic card that contains two functionally isolated circuits.
Each circuit is connected to the dual-loop detection system. The function of each circuit is to monitor the
inputs from the detectors and provide the appropriate output alarms and status signals, all based upon a
specific set of Boolean equations. The AFOLTS card contains a test circuit that is activated automatically
upon initial power-up or in response to a manual push-to-test button located on the flight deck.
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"HI 1edi I' smke det-i syswiems of tiah iorward and aft cargo compartments are normally operated in an
hi -lic ci irdi rtii n. Fo r "andl c )nf igUr.ti(n, inputs froi n each detector is required before AFOLTS

will 11111tl1tC a fire \virining' to) the flighit deck. In the event that one loop ( detecto)r), is found inoperable, the
\Nte n Ill re niueto siiigle-loi p operatioin automatically. fin single-loop operation, AFI.OlS requires

okIput ftO nit. looilp (o detcictorl to send an alarin to thle flight deck.

l(\C lor i the ICdulkdtecto[us :Ind AFOLIS is troni the right 28V (IC balttery bus Vii litree separate Ci-CuIlt
I likci, I. [he 21s\ Jo: lhttcrv M provides teaim o c mplishi sys, tem precflight testing con1current with
[tle CI11111k- fit.( dceo.ctuinl tcst. TIilt p-o\\'er CircuLitn-\ is configured to enlSure_ thle Ci ntiilOuS operation of the:

sI~ i lure (cur in 1n bc 1 tile redundain! power sources, thle Al LOTS card and dcte( tots w ill
rei nWitwllxithl I)Werslie lwP101 thle rema',ining 1)\'(I sourc.

L~.Iti 'Iftldli r jILlipmeut~l 75- 1.1', is furilshed( \%vith :i lanI~co (P N lPL90-19R3) Ionization smoke
o.etet [(W anld aI 'IltiIrlitic drso.irar1le [l'Iionl firesuireir bottle located ill Ithe wa-sLe paner disn islal binl in

( I )ip I! lkhc \\it h FAR I-1)] 5

he- joull/,Itil Tl iedotecti r. shown-1 inl Fig~ire 3-7, is aI ceilinjg-mountI~ted, sellf contanined 113 dual hbr Unit
til ,erti onI Ie rci inCtio n principle, th1A is. there- is' no0 m1chnca111C1 meanMs Used to move air ti ) thle
dctev 1(l \\hc IW l ficien-t pI)ioLIiCtS of' col ubuLstion enter the prinmry~ (open) chaibr an Unbalance is,

rcid I eiIle, twvo i el Iiubers and an alarmi is generated. The alarmi is an audio warning sounded(
11(11 11', hsunit s hiilt-Iiu llr hllorn. In adolition., thle units redl alarmn light flashes. A\ customer optiion is,
.I\ liiit.i diiil 1o\ fode r tie transulixsion of' this signal to the flight deck as wvell.

Interrupt switch
(reset switch)

Power Q 0
indicator______-Alr

Alarmm

indicator jt
(red) - --

Sensor--

Figulre 3-7. Lavabrory Ionization Smoke Detector.

Ill.i I'll]]( 0) litii his 'Iie "Ill nit, ioir fight thatt ciuliriis thle Unit is receiving powver fromt a 2t8V do: battenA
hti 'I iI t tr: plie %i ()I yo i e uie tor thle unlit to he tester! fromt thle flight decck. WXhen a sIllikc

1' i ; J, It-i., Il kmni t( li hv ilica d. h lav'It in is s'ctinre. (cloised) .AloxIwing thle flighlt to



3.3.3 Electronics Equipment 1 ay

Th'le torwvard electronic equipment EF ) bay smroke detection systcnm enmploys three plHtoclectrlc .5inokc

detectors, malnufactured by Au~tronics. Thlese detectors are (lhe light-scanecring ty'pe. prev0iously ShowI Ill
Figure 3-3, the same typ as Used in the cargo compartmnent, discuIssed in Section 3.3.1.

TeE,,F bay smoke detection system, Figure 3-8, contains two smoke detection circuits -su pply ducI(t 11nd
exhaust dluct, Smoke dletection for the SLipply1 dcIIt useS twVo photoelectric detectors, -while the exhaus.t dikt
has a single photoelectric detector. The detection of smoke by either Unit Will illum1"Iinate the Srn )ke lighlt onI
the pilot's overhead panel. AIn EICAS display wvill provide a mnessage indicating in whitch dut[ thl( sio ke
hlas beenl detected:. --. 11ing cruise condition, smoke detection in (ither dILict cauISeS [he reeircull.lti n tan. el

and rkit, to be commanded off, the air-conditioning to he put Into hlighl-flowV imxleC And the 1: 1: BWv
exhaJust Valve to be latche~d in the open position. Thiis serves to vent thie smo( ke overboard andswtle-
incoming cabin air to I0%fresh air (no recir-culated air). EU ipmnent cooling qIremt neIlI AW',;r in~tint~wd
by the aiitlox g'enerated by the pressure differential across the cxhiaist vent.

Flight deck
Main -I

panelsPasneCbi
OverheadPasneCbi
panels

H --- ~ -Smoke detector Fwd
K equipment

CetrasesadIL cooling
Centr ailesand ___supply fans

Low flow supply detector \S 1I

~f -Electronic Air
LJ equipment E/E cleaner

K equipment
LLow flow exhaust detector racks Forward EIE

compartment

Focenerard Panels _ Smoke detector
equipment ce te F _

- Overboard mnfl
Left recirculation fan exhaust

______________ _____ _________________________________________________ _______________________________________________valvlvve ____

LFigure 3-8. Equipment Cooling, Ventilation Systems, and Smoke Detectors.

[esupply cir( (lit usesand" 1h gic for detecting snmoke. i lowever. the supply vvt , will i(co )thtiur ktt
,r* 1h gc it ()lk detct wl is fouind to) be Iaulty during systemi test. A systemn chck (I bo(th irutsi aulti

Ilatrically perb iriiieu up n enigine shtdwn ithl any 11[CM1C mantna c esages geeae dsl d (II
FII. Nlanuatl lush.t ws sv\ iti hecs arc pruviuled onl the (lighlt dck, l)ctcd ()n puecl Pl . ill(\ ilg iei
sys~ltm t( h( be tesd inthliglit.
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The At 1: 1 bayv of )7 aipkaics delivered after April 1986) do not have smoke detection Units. The detector
was ~ ~ ~ c rea)c hntsi' hwdtu mk xasig the aft F:, ba Liv 'ill not infiltrate into the

rIrClatio system1 and enter the passen~gerI cabinl Air from the aft FT' lbav goes into the lavator'/galIle,,
exlntits( venIt ,,% tetO whecre it is roted to the outfl( iw valve andl overboaird.

3>' SYS-TF.%1 R\'FQL RFNII.:NTS

Ii a( des.iini of th a m(n kc fire deteC-Cinin ste sIOS mu1Lst be safe. relial 1e. and have no adverse impact onl thet
l~tt l, h Iit tI(IIIT,_, )Ii al ataralt c I( )Ioens

Ak iii] ritonnt olicieured to meet (I- exceed rigor-ous standlardls established byv Boeing and the Federal
.\\Iiti Ii .1lAdI I III I Ist~ I I I >ta II iiit. ds I r tliglht ( iualIit v hamrdware( has evolvecd froin extensive indlustry. mIIlIitary-

leiU p I iii 11-, 1 ('1.o 1 I~ tesIt ig. St, I I Wards r 0the -5 are specihied for ech syte trough a1 Specilica-
n t I)1,1iw lii, and im ncude pcfrfiinnc test p)aranmeters such a.s aMltiude, humidlity, tenmperature.

it . r, ltti ii i'n ilt intefece [All:(EI) salt. , fun~gus, duLst, acocleration loadS, vibration loads,, aind

t~er ~i~iitrsIliIt 1i1. lie LIItIntic to al ivel]sstl

3 .I FAR (mi)t 111

Hl.- ;,- I'liiol jet 1 icts .ill applical de Federal Atatii in Regulations a.s proscribed in Parts 25 and 121.
TI, );I-,~ tet'tnlc rite. .tgatIds lie [itvetiotnaeyar urse in Section 1.1.1

~ Lik :\Lrtfmosiiit(W

11 ,li 1 i is (I Paatuit iniportance whetn designing and configurting a smoke, fire detectioin
,icilie iho. tiite toea eaue rldCuce tl1C occurrece1 of false alarms.

'';ete ',I H~ Iedi the laxati .rme use idl-cliainber C011fiLiration to pro tect against false
hi- *. li ti, kl., li-'tin I ,, eion 3t '.1 . ad 3.3.2. ionization dectectors trigger in the presence of invisible

1- hiil it' ) j111it le \hit: ct iv sensitvity may niot he practical for aill areas of the airplane, in ar-eas"

oIh (..I" t, IM *It i i te i1mxAtorics. a high level of sen~sitiviry is iludIged to be' \Aarranted.

iiiIc'I Ti te t, )1,. \\ hi. inuit 'r te cargo compartments and the EF F lv. protect against false alarm
.~1.I o~ *t )1i lt ' i liked w ith anwd loicVhile no0t foolproof, suIch a Cot]Iqiguation requtires that
0 1 1, 1 icoIt ' 1i.iinso1 ,ike eelM'--) transm]issilhilitv over I fooit) before an alarm is relayed

!iIi ( i d, -\ l1(ito(I tiatke .iamiprotectiotn is [provided by flit, fact that photoelectr-ic detectors are
1I;: 1 e, .I, titx i s ti lllc ] 1c oilitii it] type. Thec photoelectric sensors react to visible particles

111 Ito I I " i oI LOW tfeIWIJ an ii/i'tin Iit]dtctor responds to invisible particles. In areas where visual
it tol le~~. 'Il i1 jThe Ii)\%cr lobe. carg1o ctnpartnitnt and F F: bav a reduLctionl it] senIsitiVity
I\ icti i inlikl an

)hA i i'L ues ti \loxs atiilvzed. oniiporient by etmiponent. to determine tlhe effects of
to. Ii.1- tiiiliii ii I (iIti0 i l, the Ieral svStenl. Thle failure atialysis fot ite 7'5 -200) found that it is
N I l, !1io k i I ii ti lit 1itv iloic \Ill preit(t tIl(e continiued safe flight and latnding of the airplane or

11, '!ihI. t ll t i x t i it( w\iti itkitsc i pcratitig ci indlitions,, (Referenc 7 -),Ige 79).

Si ii Clj 'il tjil Ilk .i A2\I sigl,1 ti) .1 ctiral cleutritic prsing unt tll'at touteItS th~e varnitmg
I'~~~~~~ ii fi ul ~sit lie setIsi t itpInsmd ititerfaces in the 5 7 master xvarninlg caution

'h, l%\ 11 lii t 1 111, a Iltigo.ine tdcit aitg and Citew Alertinig Svstetm ( FICAS) develips tlhe
iii ii .. i l Iijl.t! t itt's lIrt ii these signals'. This systen] initerf aces witl] twi i (tf tie primary flight

1,IT t s I p tr itlFt e l..S (ispkiN1s.'
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[he alerting1" Sxstein de'sign Incorporated on thle 757-2~00 is, consistent with the philosophy of alerting and
alk-r1t i rge nev Icescrrnlised on o ther Boeing aircraft aInd byv most of the airline ifl~ltrti.

.-kit alrts lrnatirig f rom si )lkc fire detection suwoors, or from associated StatuIs monitoring subISy-stem.
.Ir1aeor;e 1ito Ilrclvl s% dehned hy[i:itgrated alerting criteria adopted for the 757-200 and all

uI lk c:aft. Tlie alert level"s 'Ind their criteria are suimmarized in Tabhle 3-2. These alert criteria, as

presented in the 11t win g ~ i)Operating ManualMI are standardized throuLghout the industry. The three
tri~ ~ ~ ( nAr iere dvisl re.catlIns nd wairnings pro vide for differential response urgencies and

~v I I. k-ep ) Ig4 t I I Le 1 uber oft aleCrt levelAs to aIn easi ly un rderstood a nd recognized set.

Table 3-2. Alerting Categorization.

Condition Criteria

Warning Indicates operational or system conditions that require prompt
corrective action. They are the most urgent type of alert. A cargo
compartment fire is a typical warning.

Caution Indicates operational or system conditions that require timely corrective
action. They are less urgent than warnings. An engine overheat is a
typical caution.

Advisory Indicates operational or system conditions that require corrective action
on a time available basis. Advisories are the least urgent type of crew
alert. A yaw damper fault is a typcial advisory.

-. s ( > rtw - ; ( ii) AICI'tl n . COmp ients

I Ilk hiII 1(it i% ck ii innt)n the flighit deck of thle -57- 1() 0ire shjown- in Figu1.re 3-10. The Master
\,it 'II2 1 .i III '! '\% it( l i l -c 1are .t I nitial s ()Ii ice of crw alertin,,, wvith either the "Warning" segmnrt Oin

w I lie -Ila 1se1g1i1elitlL ICiiiU CI fo r n g \(I111 ir caUtion alerts. At the
<II 1 ule. n tui tiul Issiuiide .fire bell- I., used for fire alecrts, whIile fo %te Nin-lve alerts.

a sivi I 'I wabertme is s mindcd.b'eeper" sound is, used I frCaution1 level alerts and no :ik iling1



A Aural speakers

CAUTION Master warning/caution
_______ _ 1switch-lights

CANCEL RECALL

AECONFIG

WIND ULLU 0 Warninglcaution/advisoryCato
FALT TM messages on EICAS
I ALERT PdisplayI D-c IE

Discrete
warning
lights

Figure 3-10. Central Crew Alerting System.

A fire warning triggers a discrete light (red), located on the front panel beside the upper EICAS display, and
will light up an associated subsystem light for the affected subsystem. Currently, discrete lights are not
provided for all caution and advisory level alerts. However, there may be subsystem lights that illuminate,
usually in proximity or coexistent with switches that are activated in the crew's response to the alert.

Finally, for all warnings, cautions, and advisories, a message is displayed on the left half of the upper EICAS
display identifying the subsystem and the source of the problem, e.g., "FWD CARGO FIRE." This message is
red for warnings and amber for cautions and advisories, with the line for advisories indented one slyace.
The results of a research study (Reference 8) recommends that a color other than amber (perhaps cyan) be
used to color the advisory messages, with no indentation. Fable 3-3 describes some of the relevant features
of this alerting concept.
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Table 3-3. Alerting System Categorization.

Alert System Characteristics
Condition Criteria

Visual Aural Tactile

Warning Emergency operational or aircraft Master visual (red) Unique Stick
system conditions that require plus centrally located attention- shaker
immediate corrective or alphanumeric getting (if
compensatory crew action readout (red) warning required)

sound
plus
voice*

Caution Abnormal operational or aircraft Master visual Unique None
system conditions that require (amber) plus attention-
immediate crew awareness and centrally located getting
require prompt corrective or alphanumeric caution
compensatory crew action readout (amber) sound

plus
voice*

Advisory Operational or aircraft system Centrally located Unique None
conditions that require crew alphanumeric attention-
awareness and may require readout (unique getting
crew action color) advisory

sound

* Voice is pilot selectable

3.5.3 Crew Procedures
On the flight deck, warning-level alerts require an immediate response by the crew, and the established
sequence involves the following steps: a) the master visual warning indicator light illuminates red, with a
"WARNING" legend, and the corresponding aural alerting tone sounds; b) crew response under the 757-200
alerting configuration initially consists of a crewmember depressing the Master Warning/Caution switch-
light that inhibits the fire bell and extinguishes the warning light; c) the crewmember then looks to the alert
section of the upper EICAS display to determine the nature of the problem, the affected system or compo-
nent, and its location: d) from this information, the crewmember performs the procedures from memory or
identifies the correct checklist, and goes to the QRH to find the checklist; e) the crewmember reviews the
appropriate steps that should be taken as covered in the non-normal procedures (checklist) for the particu-
lar alert; and f) the checklist steps are performed by the crewmembers. The decision to perform the check-
list is made by the captain. Items that involve control of the aircraft are usually performed by the pilot
flying, while those involving aircraft systems are usually performed by the pilot not flying.

3.5. Flight Deck - Cabin Attendant Communications
ComIuInnications between the cabin attendant stations and the flight deck on current 757-200's are estab-

lished using the "Crew Call System." This system uses call switches in each handset in the passenger cabin
:nd flight deck to select the call-to area, Figure 3-11. A call to the flight deck using the "PILOT" call switch
sounds a flight deck chime and illuminates either the "FWD", "MID", or "AFT" call light, as appropriate on
the pilots overhead call panel.
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Earphone

0G )' Cabin call switch

Alert call switch

PA, PA call switch

MW RE Pilot call switch

Push to talk switch

Reset switch

Microphone

Figure 3-11. Communications Handset.

For urgent communications, pressing the red "ALERT" call switch produces an attention-getting chime on
the flight deck and illuminates the pilots "ALERT" call light. In addition, a hi/lo chime sounds three times
over the PA system and the pink master call lights at each flight attendant station flash. Subsequent voice
communications are conducted over the handset.

The flight crew can use the system to call the cabin attendants, which results in: a) illumination of the pink
master call light at the attendant station called; and b) sounding of a hi/lo chime over the passenger address
system. The pink light is extinguished when the handset is lifted from its stowage position, or can also be
extinguished by pressing the "RESET" switch on the handset. Calls can also be made between attendant
stations. An improved cabin attendant panel for Concepts A and B is discussed in detail in Section 4.4.2.3.

3.6 AIRBUS DETECTION SYSTEM

In addition to the baseline smoke and fire detection systems used on the Boeing 757 and other similar
airplanes, the detection systems used on another advanced aircraft such as the Airbus A320 were also
examined. The following descriptions are based upon technical training manuals for these systems.

3.6.1 Airbus A320 Fire Protection System Objectives

The objectives of the Airbus A320 fire protection system, as it relates to the pressurized volume includes the
following:

a) To detect the presence of smoke in the E/E compartment;

b) To detect smoke and to extinguish fire in the lavatories;

c) To extinguish fire in passenger/cabin compartments and other accessible areas inflight:

d) To detect smoke in the forward, aft and bulk cargo compartments.

Detection in the E/E compartment, the cargo compartments, and the lavatories is accomplished by elec-
tronic (ionization-type) smoke detectors which are sensitive to both visible and invisible combustion gases.
Each detector is the dual chamber type, one is used as a reference chamber, the other being the measuring
chamber. When the two chambers become "unbalanced" by a set amount a warning is triggered.
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3.6.2 EYE Compartment Detection System

Smoke emission from the EE compartment can be sensed directly by the crew, supplemented by an
ionization-Lypu smoke detector mounted on the air extraction duct of the equipment cooling system. When
tile detector seises smoke, a smoke warning signal is sent to the Centralized Fault Display System (CFDS)
and to the Electronic Centralized Aircraft Monitoring (ECAM) system. The "SMOKE" light on the emergency
clectraal po\, cr pancl comes on. as do the "BLOWER" and "EXTRACT" fault lights on the ventilation panel.

A flight crew member sxvitches the tvo E E compartment fans to the override position, which serves to
vent tle mokc overboard. If smoke emission persists for more than five minutes, a secondary electrical
pjvxcr siilutdoN)\ procedure is initiated to isolate the source of the smoke.

3.0.3 (Cngio Co)mpartment Alerting System

Ionizatio)n- type detectors arc mounted in a dual configuration in each cargo compartment, with "and"
alerting logic between the two detectors in each pair to avoid spurious smoke warnings. If only one
dctector of a pair sends an over-threshold signal, the other detector's circuit is checked automatically. If tile
dcfcctor Is founld to bc faulty, the system accepts the single alerting signal as legitimate. Once the warning

is triggered, the corresponding ventilation and heating system closes automatically. On the flight deck a
repctitive chime1C is sounded, a red master light illuminates, a red light on the cargo smoke panel also
illuminates, and a wNarning message is displayed on the ECAM screen.

This warning is ncaily identical as that for the 757; master warning/caution light, chime, EICAS message.

3.6.-f Liv'atoiy Alerting System

-,ach lavatory air extraction duct is equipped with one ionization-type smoke detector to monitor the
ci rrcsp(id ing lax ator'. Each lavatory also has a fire extinguisher mounted in the waste bin. This fire
Cxting'tjjilcr is i1)t dircctly connected to the smoke detector, but fires automatically when a fusible plug in
the tip f the disclhare tube melts as the result of an overheat condition. If a lavatory fire occurs outside of
the waste bin, a portable cabin fire extinguisher is used.

A lax atorv fire aic-rt signal is routed to the cabin area where: a) a triple chime is sounded through all cabin
h )udspt'akers: I a red warning light is illuminated at the Forward Attendant Panel (FAP); c) a display on
the Attendant Indication Panel (AIP) shows which lavatory is affected; and d) a flashing amber light is
itciixatcd at the rc.spective lavatory's Area Call Panel (ACP). Pressing a "TONE-OFF" switch at the FAP stops
the i:Il tole and the visual warnings on the ACP and the AlP. However, the red smoke indication light on
the F'AP rv'mains on until smoke is no longer detected. The flight deck is made aware of the alert by the
sounding of a single chime, an amber master,-caution light illuminating, and a lavatory smoke message is
displayed on the ECAM screen.

3.0.5 Conclusions Drawn from Airbus Systems

'Ilic smoke fire detections systems used on the Airbus A320 are very similar in many regards to those used
on modern Boeing, and other, commercial aircraft. Of particular interest to the present study were the
leaturcs incorporated into the cabin attendant panels. Also of interest was the automatic testing and recon-
tiguraiuon feature of a "silent" detector's circuit when its partner (in a dual-detector arrangement) sent out a
detecti(n alarm ,ignal. The philosophy and capabilities of the Airbus A320 smoke/fire detection systems

f crc c, isidcred in the design of the ACES concepts.

.TECINICAL APPROACH
Ihe tet hnical approacmh was to identify and develop two system concepts that would comply with the
prt(i type development requirements of the ACES system. Concepts A and B have undergone comparative
cvulti in for application, function, cost, procedural impact, and technical merits, while maintaining the
primiii' I(:i t liv (" ,Io rcasing the time required for the flight crew to decide to land the aircraft at a
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suitable airport. Sensor and detector technology databases have been expanded to include new sensors,
combined function detectors, and new applications. Flight deck enhancements were improved with the
development and implementation of electronic checklists and the NEXPERT system for automated flight
deck functions.

4.1 ACCIDENT STUDY DATA

To assist in establishing the history of the locations of smoke/fire occurrences in commercial jet aircraft, a
detailed review of the Boeing .let Transport Safety Event Data File, FAA records and library research was
made. These records cover the period of time from January 1974 through September 1989. During this
period of time, an excess of 60-million (free world) flights were recorded. Figures 4-1 through 4-5 show
the events, locations and numbers of smoke;/fire incidents. In the figures, total fatalities are shov:n in
parentheses.

4.1.1 Total Smoke/Fire Incidents
During the period from January 1974 through September 1989, safety data records indicate there were 892
persistent (5 minutes or more) smoke, fire events for both ground and inflight conditions, twenty of which
progressed to the level of accident. It is known the total number of events is not accurate as many go
unreported, however the location distribution is considered to be representative of all smoke/fire events. Of
the twenty accidents, nine occurred inflight with six of these resulting in fatalities. The 892 events were
further analyzed to determine which occurred inflight, and the origin of the smoke/fire. Figure i-I.
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Figure 4-1. Total Smoke/Fire Incidents.
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which fires propagate and, hience, of thie limited time available to respond". The standard recommended
operating procedure in the industry is to lanid at thle nearest suitable airport, rather than attempt to confirm
the validity of warnings from thle automated sensor systems.

As indicated in Figure -t-2, three areas of an aircraft have contributed to all six fatal accidents incurred in
inflight smoke/fires during the past fifteen years. These are: the lavatory (2). thle passenger cabin ( 1), and
thle cargo compartments (3).

The distribution and freqjucncy of occurrence can he determined by examining thle dlata for each of three
areas. Figures -1-3, *-~ i-:sdntf the location of the smoke/fire source for the lavatory, passenger cabin.
and cargo compartment, respectively. The bars onl each figure represent the total number ()f smoke and fire
or smloke only events-
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4.2 FIRE SIGNATURES

In order to improve the methods and techniques of smoke/fire detection, the combustion process and the
sequential phases and characteristics of each phase must first be understood.

Combustion is a chemical reaction that gives off energy. Three principal ingredients must be present for
combustion to occur: heat, fuel, and oxygen. For combustion to occur, the material(s) involved must be
heated to the kindling temperature, defined as the temperature at which the reaction is sufficiently rapid to
proceed without the addition ot heat from an outside source. An ignition source is the heat source that
raises the material tip to the kindling temperature. An adequate oxygen supply must be available to sustain
the combustion.

Combustion of solids (i.e., wood, plastic) usuaily develops and progresses through a sequence of four
stages: incipient, smoldering, flame, and heat (ASHREA Handtbook 1984 Systems, Chapter 38, Fire and
Smoke Control, page 38.10-38.12). The stages of fire progression are presented graphically in
Figure 4-6 and outlined below:

Incipient - Starts with the presence of the ignition source where invisible aerosols (less than
0.3 pim) and combustion gases are emitted without visible smoke, flame, or
appreciable heat being present.
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Smoldering - Combustion particles (greater than 0.3 i) are visible as smoke.

Flame - An actual fire is present.

Heat - Uncontrollable heat release and rapidly expanding air mark this final stage

Svr
SevereS

Severe

major
hazard

I_onization Photoelectric IR Therm d

Major
Hazard I hazard

Level I__

Moderate to
major hazard

No hazard

Stage I Stage II Stage III Stage IV
None incipient smoldering flame heat

Time -

Figure 4-6. The Four Stages of Fire.

The severity of a fire increases as the fire progresses from the incipient stage up to the heat stage. The time
period for the incipient stage to advance to the smoldering stage can vary from minutes to hours. The
advance of the fire past the smoldering stage occurs more rapidly, typically occurring in minutes or even
seconds. Combustion may skip to or start at a later stage, given the ignition source and the materials
involved, thus reducing the time available for detection and suppression. Airplane furnishings and structures
that restrict fire growth also impact the ability to detect the fire event.

A fire, from the moment of its initiation, causes multiple changes to the environment. These changes
provide a means of detecting a fire and are referred to as fire signatures. For a fire signature to be of use,
the parameter monitored must occur early in the stages of a fire to provide time for action. The signature
must also be "visible" and distinguishable from the normal "background noise" that may exist in the area
being monitored.

There are three basic fire signatures: gases, energy release, and aerosols. Any of the three can be used to
monitor a fire event. The function of any sensor is to provide a warning as early as possible, and at the
same time, provide a very high degree of protection against false alarm. The sensor must have the capabil-
ity to respond to all smoke/fire events; that is, the sensor must not, for example, be dependent on the type
of material burning. The types of fire signatures are discussed in the following paragraphs.
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4.2.1 Aerosols

Aerosols are solid particles and/or liquid droplets produced during the earliest stages of a fire. These
particles range in size from 5 x 10' pm to 1 x 10-1 pm during pre-ignition and become larger as the fire
advances in stage, Figure 4-7. Particles less than about 0.3 pm are invisible while those greater than
0.3 pm start to enter the visible range. Particle size is important in that photoelectric detectors require
visible particles to function, while an ionization sensor can be triggered by the invisible products of the fire.

Electromagnetic wavelength - micrometers

.01 .1 1 10 100

Ultraviolet Near infrared Far infrared
Visible

Oil smoke

Tobacco smoke
i/

Carbon black
Atmospheric dust

.01 .02 .04 .06 .08.1 .2 .4 .6 .8 1 2 4 6 810 20 40 60 80100

Particle diameter - micrometers

Figure 4-7. Particle Size Ranger for Common Aerosols.

4.2.2 Gases

All fires produce gaseous products. The type of gas produced is a function of the materials burned in the
combustion process. Carbon monoxide (CO) is, in terms of detection, common to almost all fires, the
exception being exotic combustion reactions. Detector methods for these combustion reactions are avail-
able but are not used in general fire detection applications. Most exotic gas detectors are for specific
chemical/petroleum fire protection.

4.2.3 Energy Release
All fires are exothermic reactions that produce both heat and radiation in the infrared IR), ultraviolet (WV).
and visible wavelengths of the spectrum, Figure 4-7.

A strong heat signature is not produced until the later stages of a fire and is primarily dependent upon
convection to move the thermal energy to the thermal sensor. The build-up of heat in a volume could
range from hours for a slowly developing, smoldering, fire to fractions of a minute for a rapidly developing
fire.
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Infrared emissions from hydrocarbons flames are particularly strong in the 4.4 lim region due to water
vapor, and account for nearly all the emitted energy. An additional IR signature is generated by flame
flicker which has a characteristic energy modulation of 1.5 to 15 Hz.

An uitraviolet radiation signature appears in flames as emissions from OH, CO, and CO in the 0.27 to
0,29 pim region. LV has a lower signal to noise ratio than IR signatures.

-.3 SENSOR TECHNOLOGY

.Scvcral of the sensor technologies discussed in the following section do not, at this time, have application
in the aircraft environment, but are included to provide a full overview of the technology. A detailed list
and discussion of detector technologies is contained in a list in Appendix A.

-1.3.1 1(.nization

Ionization detectors are capable of detecting particles in the 0.1 to 1.0 gim range. The method of detection
is to air (usually by natural convection) over an alpha radiation source. The alpha source will ionize
the air th'at passes between two charged plates, allowing a current to flow, Figure 4-8. In a nonsmoke
condition, the c urrent flow is uninterrupted. When aerosols are present in sufficient amounts, the current
tiuw is altered and an alarm is triggered. Ionization sensors are the most sensitive to fire, and succeptible to
false ilarml because of tills sensitivity. False alanns can be caused by aerosol sprays (hairspray, etc.),
tolb ,i(o) -inl ,kc, and ozone.

Ionization of chamber air space Effect of aerosol ionized chamber

III

Alpha source Alpha source

Figure 4-8. Ionization Detector.

1.3.2 Ph)toclectric

Ph tOcIcOr scn s use isibl pauticles (greater than 0.3 pm in diameter) is the means to detect a smoke,'
tire ee.nt Phtt-cctric scnsors function on two different principles; light scattering and light obscuring.
lii. h 4d thusc nietln ds is briefly dims tiSsi.d lxhlov,

The hIu1ht Mt attcrr e (tI ivndcll etct. Figure 3-3, uses the principle that acrosol particles greater than
,.3 pm ill , atter lglit Particles enter tihe sensor, causing a bean of light to be scattered and deflected to

a phtotcll. An alarm i.s ,oundcd whcn the light intensity striking the photocell reaches a predetermined
kalibrati n level lthiis method of dtection is employed in the Boeing airplane cargo compartments and E E
bays, Fakc iari1. . an bc initilvd hy n, nmnokc particlcs such Is dust, fibers, and other small particles.
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The other detection method using photoelectric technology is light attenuation, Figure 4-9. This principle
involves projecting a light source on a photocell. As smoke passe:; between the light and photocell, the
amount of light striking the photocell decreases. When the light intensity that the photocell "sees" falls
below a certain threshk! !evel an alarm signal is generated. Light-scattering smoke detectors are suscep-
tible to false alarms and can be triggered by nonsmoke particles., e. . dust and fibers.

Lens
"Photocell

Light
source

Figure 4-9. Light Attenuation Type Photoelectric Smoke Detector.

4.3.3 Radiation
Radiation sensors detect a UV, IR fire signature which is produced by combustion. Tle wavelength ranges
from 0.001 to 0.-1 ltn for LV and 0.7 to 140 Itm for IR. Both systems are optic detectors that utilize a lens
and filter. The filter screens out the unwanted, spurious wavelengths and the lens focuses the incoming
energy on a detector element.

The disadvantage of the tV'IR detectors is the requirement for the sensors to have a direct line of sight to
the source of the radiation. This negates the practicality of this type of fire detection in variable geometry
areas, such as found in most areas of a commercial airplane.

4.3.4 Thernial
Thermal detectors measure the temperature of an immediate area and initiate an alarm when one of several
thermal parameters, such as a temperature threshold or a rate of rise (15°F/min) is reached. TFihe output
information from such sensors is usually binary, alarm/no alarm. Thermal detectors rely on free convection
for the heat to reach the sensor. [feat of sufficient magnitude occurs only in the later stages of a fire. (as
defined by ASI IRAE, Reference 9). The late stage in which heat becomes a major component of the total
fire environment makes the thermal parameter of a fire an impractical option for the first line of fire detec-
tion for most fire events. The air-conditioning system of an aircraft can further lengthen the thermal re-
sponse time by dissipating heat.

[he newest thermal technologies allow for monitoring of the thermal environment with a gradient as fine
as I0C and with the capability of continuous digital output. A rigorous testing program is required to
identify the parameters and limits of these new thermal detection technologies for applications in first-line
fire detection.

4.3.5 Laser

The index of refraction of air changes with heat causing a phase shift in a lased light beam. The light beam
is also affected by smoke particles in the air (Reference 10). Both heat and smoke parameters can be
monitored by one laser receiving'monitoring system. This method of detection is most effective when the
system can be mounted to a very stable surface, a situation that is generally not available on an aircraft.

4.3.6 Condensation Nuclei
Liquid or solid submicrometer (0.001 to 0.1 g~m) particles act as the nucleus for the formation of water
droplets. The droplet (cloud density), is measured using photoelectric technology. An increase in cloud
density is used to trigger an alarm. A commercial product currently on the market (Reference 11), uses
multiple (ip to ten) air-intake ports, enabling the surveying of several areas with one cloud chamber. This
system provides a three-step analog output: warning, alert, and alann.
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This tcchnology does not appear, at tile current stage or development, to have applications in an airplane

environment. Condcn,ation nuclei technology requires increased maintenance (distilled water for the cloud

chanber, contamination of the air sampling tubes), is overly sensitive, and is not, at this stage, judged

rugged enough for irplanc application.

-i..7 P( Ilytneric

Rese'arch has bcen conduc tcd in thi,, area of technology using polymeric sub.,,tances that react with com-

bustion gases causing a change in their electrical properties (Reference 12). Initial research was accom-

lis-,led lin the eaJi', ;';-'',t '-., :itir, c'( incrcial products were found based on this technology.

4.3.8 Scrilic )Il(luctoi

Semiconductor deic t rs operate on several principles. The most common detect a combustion gas by

rcaction of a ,oid-state material that initiates a change in the conductive properties of the sensor Refer-
c-nce 13) 0eKicIhlictr iechnology is primarily being developed for toxic or explosive gas detection and

his ni n been applied commercially to fire detection. This technology would be ideal for aerospace applica-
tions \vlicre -size and weight are of concern. The literature reviewed indicates problems with sensor sensi-
tivityc to hunmidity and hysteresis. Applications in an airplane environment, especially within the temperature
'Ind prcssure (pcrating envelopes, would require research.

..t FLIGII IT DECK DESIGN APPROACH

i.i I Objectives of tile ACES Design

.\itoiiiatuio has often been seen as tile ans-\er to problems of human error, work overload, or lack of
operati r dependability (n the flight deck. This approach leads to a design in which -'the system operates
and the hunlm in,onitors." I lowever, the human is not a ver, effective monitor, and can suffer performance
decrt'nticIS unde-r emergency procedures when he/,!she has not been actively involved in controlling the
,ystciun Thereforc, the basic design for ACES w:as based upon the following philosophy:

;I) F'J!iiicilelt and software is on board to help the flight crew perform their job;

1) Any auunatic systems are subordinate to the pilot's discretion and legal responsibility';

c ) The design sh)uld first decide What automation should do, not what it can do;

J The deign ,hould decide how needed information can best be displayed;

Hi Flght (lck improvements should be toward the development of error-tolerant system design.

t.-i.2 Alerting System Design

The alerting sy ,stem design for tile ACES concepts follows the alerting philosophy described in Section 3.5.1
and Incorporate, the basic components of the 757-200 alerting system as described in Section 3.5.2. The

prinirv dilferenc c is in the more positive alerting of the cabin attendants for those alerts for which they
have responsibilit., and in the enhanced awareness of these events that is communicated to the flight deck.
[lie aspects of these differences are covered in more detail in the sections on Concepts A and B.

1. 1.2. 1 Master \VarninvyCaulion

hc Nihasr \ arilini Caution s\itch-indicator for tile ACES concepts is identical in function and form to that
currently used on the -'5. This indicator is the first elemnent in the alerting system for all warning or caution
,cl alerts. Ilie indicator lights, red for warnings (top half) and amber for caution alerts (bottom half). The

alert lihts c( ur ( ()ik ident vith tile sounding of an aural alerting sound, which is a "fire hell" for all fire
wi rl-n ks, and ai 'Ieeptr I, uitc foir cautions other than ground proximity alerts.
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4.4.2.2 Alert Response Procedures
The alert light is turned off, the alerting tone silenced, and the system reset when either crewmember
presses the Master Warning/Caution switch-indicator. This first action by the crew is followed by attending
to the alert display on the upper EICAS for information on the nature of the alert.

On the left portion of the upper EICAS display, warning level alerts are indicated by a message (in red)
which identifies the location, system or component, and nature of the alert. Caution level alerts are indi-
cated with an amber message, while advisories are amber but indented one space. The messages are listed
in order of urgency (warnings, then cautions, then advisories), and within each category in order of occur-
rence, with the most recent on top.

4.4.3 Flight Deck Enhancements

The ACES concept enhancements to the basic 757-200 system have been designed to minimize the time
needed to respond to the fire itself, and to minimize the decision time for diverting to an alternate airport.
The enhancements developed for Concepts A and B have been based upon an analysis of inflight incidents.
in-house Boeing research efforts in this area, and conclusions drawn from the l)unlap scenarios. The
primary changes involve the addition of software and display formats that assist the crew in their proce-
dures following a smoke or fire alert. Only slight modifications have been made to the alerting systern
based upon the results of several years of research contract work with NASA. FAA (Reference 8).

4.4.3.1 Electronic Check!ist
Retrieval and performance of checklists has been identified as one source of delay and procedural errors on
the flight deck. A recent review of the Aviation Safety Reporting System database on airline incidents
indicated that, in a period of a little over one year (mostly 1987), over 50 incidents occurred that were
related to errors or difficulties in the retrieval and/or processing of checklists (Reference l,).

One of the primary enhancements of ACES on the flight deck will be in the use of electronic checklists for
crew procedures. This feature will not only save time, but will ensure that the correct procedures are
presented to the crew for implementation. The electronic checklist will be used in both Concepts A and B,
and will be displayed up on the lower EICAS display.

4.4.3.2 Cabin Attendant Panel
Both Concepts A and B utilize a "Cabin Attendant Panel" mounted at three locations in the cabin: forward,
mid, and aft. This panel is utilized for smoke or fire events for which the cabin attendants have primary
responsibility. These include:

Lavatory smoke/fire

Galley smoke/fire

Attic smoke/fire

File panel is similar to the cabin smoke warning system that is provided on the Airbus A320 (and des-
cribed in Section 3.6.4), but functions somewhat differently. The ACES Cabin Attendant Panel provides the
following:

a) A warning light and :i tone to alert the attendant(s);

b) The warning light will also be a switch. Depressing the switch will turn off the tone and send a
signal to the flight deck;

c) Location. system lights that identify which detector has been triggered;

d) A switch to "clear/reset- tile panel and the alert sent to the flight deck.
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4.-3.3 Flight Deck Alerts for ACES

In addition to the areas that will be directed to the cabin attendant stations (with a corresponding caution
alert relayed to the flight deck), there are a number of areas that are the primary responsibility of the flight
deck crew:

Cargo bay smoke fire

E,' bay smoke (no flight deck procedure)

Air-conditioning pack duct smoke

-44.3.-i Inflight Diversion Planner
Once the crew has completed the appropriate procedures to address the smoke/fire event, the decision
must be made whether to divert to a closer airport or to continue on course to the destination. Diversions
arc called for whenever a smoke/fire alarm is sounded and when it cannot be confirmed that the alarm is
false. If such a condition exists, it is imperative that the captain be able to reach a decision, determine
whi h airport to divert to, obtain clearance for the new route, and execute the diversion as soon as pos-

ible.

To best facilitate this process, an "inflight diversion planner" has been selected for application to the ACES
concept. This expert system program was developed by Boeing using NEXPERT OBJECT application
s ) tvarc. The program provides expert system recommendations on possible alternate airports and allows
the pilot toi assess various factors used in the analysis.

4.4.3.5 Synoptic Display

The Boeing -57 operations manual states: "It should be stressed that for persistent smoke, or a fire that
canm)t be positively confirmed to be completely extinguished, the earliest possible descent, landing and
passenger evacuation should be accomplished."

Currently. the only way to ascertain whether a smoke/fire event is completely extinguished is to determine
whether the detector in that area remains silent, or re-triggers with a resumption of the smoke or fire that
initially triggered the alarm. I lowever, if the detector has been damaged in the smoke/fire event, a silent
detect or might mislcad the crew temporarily in regards to the safety of the aircraft, and thus delays the
nedd decision to divert. Lingering smoke or contaminants can retrigger the alert even if the source is
"o1ppresscd.

()itranly, the crew may be encouraged to divert and/or land quickly, with subsequent evacuation of
passengers, by a detection and alerting system that has faulted (in absence of a smoke or fire condition)
and repeatedly triggers, even after appropriate extinguishing actions have been taken. There have been
sevcral reported cases of this type (but few in 757's), and in a number of these cases, injuries have been
sustained by passengers in evacuating the aircraft. In one recent case, 31 passengers were injured and no
evidence of a fire was found, (Boeing Jet Transport Safety Event Data File). Incidents such as these point to
the need for better detection and continual monitoring of the status of the smoke/fire event, to enable the
crew to make more informed decisions on diverting and secondary fire fighting.

For Conocpt i. the ACES designed a "synoptic display" capability to provide additional status information
or sitU1tional awarvness of the smoke/fire event. Information is primarily intended to provide feedback on
the effectiveness of the procedures taken by the flight deck or cabin crews to address the problem, or
pr'ovide supplemental procedures that would be customized to the evolving situation.

4.. 3.6 Other Alerting System Enhancements
Several additional enhancements have been proposed for the Concept B flight deck. One enhancement is
the addition of a cautionary discrete light that will indicate "CABIN SMOKE" and will be located adjacent to
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the "FIRE" discrete light. As a caution light, the color will be amber rather than red. This will provide somie
redundancy in case of EICAS failure and additional situational awareness for alerts that are the resp<onsihil-
ity of the cabin attendants.

Another enhancement for Concept B is the addition of a pilot-selectable voice message for warning and
caution level alerts. This voice message provides a second channel of information on the nature of the- alert.
the affected component, and its location. These two features have not been included in the PC-based
demonstrations of the ACES concepts however.

The additional sensors required for the ACES concepts are reflected in the addition of alerts available on
the upper E1CAS display. Some of the alerts are the same for both concepts, while others are different. or
only occur for Concept B. The additional alerts that have been identified for the two concepts are described
in Section 5.

4.4.4 ACES Demonstration Software Design

To illustrate the flight deck and cabin attendant functionality of the ACES concepts, a PC-based delmmstra-
tion was developed. This demonstration included formats for all the enhancement elements, including the
alert display, the electronic checklist, the cabin attendant panel, the inflight diversion planner, and the
system synoptic display. l'he software for this demonstration was written such that the procedural steps that
the crew, or cabin attendants, would follow in responding to a smoke/fire event under the ACES concepts
could be sequentially completed by simply interacting with the PC-based displays with a mouse and a few
function keys.

The software that would be used to implement the ACES concepts on a 757 platform would not necessarily
be identical to the softvare designed for the demonstration modules. Therefore, the following description
of the software design is primary applicable to the demonstration system and not necessarily to a -57
implementation design.

The demonstration softvare was designed to be as flexible as possible so that changes in functions or
design could be rapidly accommodated. The software system enables the user to define the sensor environ-
ment that postures the problem being simulated. The user can exercise options to retrieve procedures or to
display synoptic information reflecting the aircraft's current situation.

The system consists of a graphic interface and an embedded expert system, NEXPERT OBJECT. The
interface is a Microsoft Windows application written in C. The expert system consists of a rule base contain-
ing pilot/engineer knowledge and a supporting object architecture with an inference engine to reason
about the current situation. "WinMain" is the driver for the ACES system. It is a Microsoft Windows program
and therefore performs routine windows housekeeping. All global variables are defined in this program.
These include variables to define which sensors have been selected by the user, messages to be sent to
NEXPERT OBJECT, and variables associated with the objects in the graphic user interface.

Figure 4- 10 is a context diagram of the software design, showing infonnation inputs from the pilots QRI I
and operations manual, from Boeing pilots, and the resulting procedures, displays, and control logic for the
various smoke; fire detection areas.
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Figure 4-10. ACES Context Diagram

Figure ,i-I1 diagrams the top level structure of the ACES control software, while Figure 4-12 shows a similar
structural layout for the knowledge base in the NEXPERT OBJECT expert system program. Additional data
flow diagrams are presented in Appendix C.

• ayout T Irack.o,,sock Track oy trokoe
Figure 4-11. The Overall Structure Diagram of ACES
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Figure 4-12. ACES Knowledge Base Partition

5. CONCEPT A

5.1 GENERAL DESCRIPTION

One of the requirements of this contract was to identify a candidate airplane(s) for the purpose of this
study. The 757-200 aircraft has been selected as the baseline aircraft on which to develop the ACES con-
cepts. The details of the baseline aircraft are presented and discussed in Section 3.

Concept A defines specific improvements in detection and communications capability which can be real-
ized in the performance of the baseline aircraft. The number and type of smoke/fire detectors and areas to
be monitored have been increased. Communications between the flight deck and cabin crew are signifi-
cantly enhanced with the addition of a new cabin attendants panel. A functional block diagram, Figure 5-1,
illustrates improvements which can be achieved in the 757 with the addition of an ACES Concept A.
Table 5-1 lists the costs of the Concept A smoke/fire detector components. These costs are included in the
overall cost model discussed in Section 5.6. Concept A will provide continuous sensor and system opera-
tion evaluation and, in addition, will provide specific and detailed maintenance diagnostic information.
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Figure 5-1. ACES Concept A.
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Table 5-1. Concept A 757-200 Component Costs.

Locations Unit Type-
Monitored Units Cost Cost Manufacturer Part No.

Cargo and lower lobe
Fwd (1, 4) 2 $210 $420 Photoelectic - Gamewell RT-7
Aft (1, 4) 2 $210 $420 Photoelectic - Gamewell RT-7

Lavatory
Ceiling (3) 4 $225 $900 Ionization - Jamco PU90-461R3
Under counter (3) 4 $225 $900 Ionization - Jamco PU90-461 R3

Forward E/E bay

Supply air (1) 2 $788 $1,576 Photoelectic - Autronics 2156-204
Exhaust air 1 $788 $788 Photoelectic - Autronics 2156-204

Galley

Ceiling (3) 4 $225 $900 Ionization - Jamco PU90-461R3

Passenger area
Attic (3, 4) 6 $210 $1,260 Photoelectic - Gamewell RT-7
A/C (3, 4) 4 $1,030 $4,120 Photoelectic - Geamatic SDS-300A

Total 29 $11,284

Note 1: Installed as pairs with "and" logic
Note 2: Conditioned air upstream of the mix manifold
Note 3: Connected to the flight/deck communications panel
Note 4: Estimated, not flight-qualified hardware in current commercial configurations

I)ETFC(TOR TYPES
The criteria for detectors chosen for use in Concept A were: function, reliability, false alarm protection. and
a net Ibene-tit (improvtmernt) over the current system.

Scns rs by fou, r different manufactures, totaling 29 detector units, makes use of two detection technologies:
photoe:lectric and ionization. These two niethods of detection are discussed in detail in Section 3.3.1
(technol ogy) and Section 5.2.1 (application).

5.2.1 Ionization

l inizaion detectors were selected fo applications in the lavatory and galley areas. Ionization sensois are
triggered by snill invisible (less than 0.3 t.ni) aerosols, that are present in the initial, incipient stage of a
fire. Tlhi, seinsitivity. which nav contribute to false alarms, was not felt to be a detriment as all areas to be
111m it '£l 1 m miiliat iln sctvors (;an be inspected by the calbin attendants in an expedient manner.

The ionization d(etcti irs selected for use in the Concept A system are manufactured by Jamco
(P N I1 Y)c-, ? l .), l:igur -3 1. hcse sersor, arc currently in use in the lavatories on Boeing airplanes.
Mounted htlsh to the ceiling, partilesismike reaches the unit by free convection. The detector employs a
dual cifaml r ci ,,ton to rcduce the incidence of false alarm. When the two chambers become
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sWice0it1 toIL.IItn-tI I)I" xI I~e I It 11 Cr tcof, tunIit %;ill genI erate an alarin. T[he detector provides a binary , on/off,
outprit! igrr n' lhc A11-111 is made know\n in four- wxavs; a x'i Lual alert at the cabin aattcdant panels, a visual

it ir the flig~hr deck. a c hime healrd over the2 passenger address system, and thle alarm horn internal to

II ir)'cf~ Oilaxe I proilrl hisltl Wy of ieliaaviatyion application, demonstrating
Ie( )Il IIn, tire etir lee 11t Hoeing aiirplaines. lThis experience (since November 1986) has shown the

(Acdec o OL ear:wi to he2 minimal and is- considered~ acceptahle.

Ph, 11 c o, tic vesr.utg e xisihie ,grealter thIan 0. 3 pulaill) aonec part ic i s are not, inuher-ently,
Ali> x i iari 4e1i Plo to electric detctors react to tire smoldering phause of the fire
Selt II I I i xx I I. IC f':' 'erpatiesat pr'c:sct it. The reduction iii -ensitivity (compared to ionization) is

uirdePe , itl' C i(ti iie for' USe In u atne/ncesbcareas of th iriiplane. Reduced sensitivity
deec cark I.-riii ri arins. False alarns, in areas wvhich can not bQ inspected, lead to aborted

111llth J1IW u> rd Li u iNCrsicr'gevc evacuatir n, vich enviably results in passenger injuries. Of ureater
o ocu raLike,ii amil'I(du Iliolit deck confidence in the system, which may result in time not u-sed to

Hi tie! p1 ~rt etic de'tctor-s haxe\ beenI IC(etified for- use;( in thle Concept A system. Twvo ar-e of the
tl -1111, ! 1)( 'I IairtIIihiced by Autronics arid the second by Ganiewell. (Reference 15). The third

ph)o(kI t Ile C d'[tt is a lighit-attenuation type inide by Geamatic, (Reference 16)

I Au,1ti rac (ILetect 111'1previsI ly how n1 in Figure 3-3, is a, binary (on,'off) system currently installed in thle
f 'xidF 1.1 I 1%V and the cargo Cotmpartm ents of Ohe 757. This detector is activated when particles entering

iek IA,11h: igl i iiii 5fsater stitficient lighlt to shine on th(e detector's photocell. Alarmn occurs at a particle level
cr sripara hle, to th)Ii I 5"- i ise.Uration measur-ed over a distance of one foot. The Current Autronics cletec-
til. aI used,, (u HWiing airplanes. uses a bulb (White light) i or tile pilot lighr. For- Coficept A tile light source

xxii~I( KIptaetrI I) lighIt -SoUr-ce TheC uSe Of a LIED light will improve the long term stability of thle
deter tot ii s~c Ie aInd reiiahilit% ro-aintalirrabilitv. A bulb type light Source will drf'(not pr-ovicling a

it.,~ ( '11W. wcl 1(1' -:011t 5dir.Fgr 2, will IA: Li5'2(l to monitor the cargo compartments and main deck
Iit Ic i I lic PT-- Is ;ill rrpen areal dotecti r, with particles reaching the sensor by free conv'ection. This

unit ~ tIrk-I rihI i has a binary r ii pult signal. A Pulsing infrared lighIt Source is employed to provide
Ll.i caiiijtIi. hmn. 11n Ire unit's curren-Ct co mmercial configuration, the sensor- Must "see" particles on
foulr i srii pulses to trige an1 alarml signal (a pulse Occurs once every 2 seconds). Thus thle detector-
wc,'' iiS i o"a Hrl rI)Ig Ciir inhx' o redceII false alarms. Thle GamelXyCIl unit is not Currently
,i% d1IiU .i is iIiit-juLalified Sensi ir. hilt the technology is straightforwar-d and should not be difficult to

* cli( isi n ti ri 1Ii I111t itLI iyco ntigU ration. Thie Gar-newell model RT-7 also features an integral, self
reu hrinil detecti r. WIhen the I odv of the sensor reaches 135"F an alarm signal is initiated. The

iiffi .11d set. prmi nut ifI33 F is tllre temiperature limit available in comnmer-cial configurations. Trhe thermial
dll,-Ilod . lk w~uic canin foi rplan application assoak rm~lpCmawrLIC i thle cargo cornpar-t-

ri ~ X o<! r iU tX il , ciV (a[" jc.irplane onl the ground. condlitions.



Figure 5-2. Gamewvell Consecutive Pulse Photoelectric Detector.

Geainatic dcVte'. ton' Model number SIDS-300A. shown in Figure 5-3, is a photoelectric detector 01 the iighlt-
atteniuationl type. *lwh detectOr -Will lbe used to monitor conditioned air for smoke as the air exits thle p-a'..
TIhe fitional foir nmo nitoring( this area is presented in Section 5.3.5. The detector uses an infrared emiter aml
aI recei\ er. 'bort pul1seS .1re conltinulyk emitted for detection of smoke. When smoke is present, the ligi it

recigthe rceiver is attenuLated, that is, the receiver "sees" less light. When the light reaching the.
receiver !alls he Ix mininum threshold, anl alarmi signal is generated. The detector provides a tvo-slep
0utp)LIt. an initial pie-\\irnin 4 Indl a second alarm if light reaching the receiver continues, to diminish.

Figure 5-3. Geaniatic Light Attenuation Photoelectric Detector.

Every seti nd ho~ui te Sls )5 AO()A \ mits a calibration signal to deteirmine thle unit's state of cleanliness. The
c~ffirxion 1,s11 1" oimpaied w~ith a stored reference signal and, if required, thle strength of the emitted

signal is Iiisto co1 tm pensaite for dirt and dust buildup. The imouO~nt of recalibration that has taken place.
and lie the state o)f ( lC:InIwcs,, I,, indicated in 15 stages, wvith stage I being the cleanliest stage. Whlein

the unit ea lies si ge " I a. a iiueac inli eeaed.

The detc lt (II in be. >to tjIarm at h r leesotsensitivity, wijth the highest level of sensitivity resultinig InI
a sI t itr t 1111 I tvenci ired maintenance. Mintenance consists of remfov'ing the sensing prothe. wi ping
%Vi11i clcmtnng fluid, and pin the probe- back into thle unit. ReCalibra3tion au-tomatically takes p)lace \\-)ll
the unitl 'I e Im Lik (it. that is . the( uni10 i :c ljilAtes" its state of cleanliness.



5.3 LOCATIONS \IONIT'(REI)

Scx era additional arcas to be itonitor in the p ressurized Volume ot the a'rcraft have been identified based
oil the_ smoke, tire incident, accidvint (Li.ta collected and analyzed in Section 4.1. The areas to be monitored
in thec pn posed Ci ilxp A A(AiS systeiii are diseuissed in detail in the following sections.

5..I (:,Ir -:()II a partfmelt's

III Ak~)t tleo forw~ard and aft cargo comp~artmfents are to he monitored by dual Gamneweli consecutive
pule. inh~eecticde:tcor. Fiei r! 5-4. 'Ieedetectors wvill replace the Current systemn now being used

()if the '. ilic (;.ifnl(:" eILicte-ctors are lice con\ uction detectors, relying on smoke rising to the ceiling to
eachi the(. "1nit. Th lite (1.iniewe detectors will he( iltountedl as a pair in each cargo compartment and coupled

X'e th -,Ind I()I I' IH ct the: (ti )s5Ci jd dctecti( Ml relu1iremecnt (Section 1. 1.1). a number of sensor pairs
MAI, he (IJI-k iuIred iiC Xit IIII) ofit er 4 ii- Mis INI l ing determined by analysis and/or testing).

Gamewell
photoelectric
smoke detectors

Plan viewI

STA STA STA T
1640 1200 84550

Gameell-Cargo
Detectorcompartment

ceiling

Post and sidewall

Cargo compartment liner Cross section

Figure 5-4. Lower Cargo Compartments.

i I i e! dclo tol. st (At tm o hilp nents, thle s r he id and the "smart" base. 'File sensor
1I cad I Lt~Ie , I ths ie inih-Ard light source, the! light. receix er. baffle to reduce entrance of foreign

itlatriall. AM]l anl ape ittirc to shlield the light source from the light receiver. The base contains the "sm-arts' of
tie klctct [()I tic pil lcd ligltt s lircc, event counter, alarm generator, aircraft interface and a unique ad-

(lit. . lie as ImkcI iethe 1,111) it,,ht s,,mircc once every two seconds. If smoke is present, light from the
HAI 11 e11lc'('11iigt rce(iver a11" it. a situ ke event is m~teCl. If four consecutive pulses result in light reach-
in_ Ow? I* Ow h'a i lert I:,(. gI Letes ut All signal1. The ACES sy~stem wvill provide additional false

.1,11 1 pfiwtitii tWki,. M 1iti\ elictecto u with "and" logic, thus both detectors must -see- smioke
kwt 1 cIn ill .1 1i,, toIa\.i~I thl( \51-V (oilipliter andl tite flightt cleck, Figtire ;-5.

.4 .



Detector

Sensor "Smart" Base- APulsed Light Pulse Counter

iif

Comparator EICAS

"And" Logic Computer

Detector

_ ! Sensor "Smart" Base - Alr inlFlight Deck

Pulsed Light Pulse Counter Alerting

2 d ----------------------------------28 Vdc *

Backup
Power
Supply

Figure 5-5. Cargo Compartment Detection System

Each base will be recess above the cargo compartment ceiling such that the sensor head will protrude only
slightly below the ceiling. Maintenance of the sensor will consist of removing a protective cover (needed to
protect the sensor head from the severe pounding which takes place in a cargo compartment), snapping
the sensor out of the base and replacing with a clean unit.

The Gamewell system allows the baseline 757 air sampling components; ducting, both blowers, pressure
switch, and plenum (shown in Figure 3-6), to be removed. The proposed system will have lower installa-
tion costs. reduced maintenance requirements, and lower recurring system costs as a result of fewer system
components. Most importantly will be the reduction in the potential for false alarms. The Gamewell system
woul reduce the minimum equipment list (MEL) on the baseline airplane from two items per cargo
compartment (one functioning detector and one fan) to one, a functioning detector.

5.3.2 Lavato!'
The lavatories, easily accessible by the cabin attendants, will be monitored by the more sensitive ionization
detectors. 'he current ionization detectors used in the lavatories will be upgraded by replacing the existing
detector (Janco P,,N 90-499R3) with a detector that has an output signal feature (Jamco P.,N P1790-i61R3).
An additional smoke detector (Jamco PN lI[90--i61R3) will be installed under the sink counter.paper
products area to provide more complete monitoring of the lavatories Figure :,-6. The reasoning for more
thorough monitoring of the lavatory arises out of the accident data (Section i. 1) and the concern for
flammable materials both stored and disposed under the lavatory counter. Both detectors wil be inteilacec!
with the cabin attendants* panel and with the flight deck.
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additional smoke detectors

Figure 5-6. Concept A Modifications -Lavatory Features.

The Jamco i*lR3 is a dual chamber detection unit that functions as explained in Section 3.2.1. When the
two chambers becomne sufficiently "unbalanced", as determined by the comparator, the alarm circuit is
activated, Figure 5-7. Alarm circuit activation cause the horn integral to the unit to sound, a light to illumi-
nate on all three cabin attendant panels, illuminates a light on the flight deck, and sound a chime over the
cabin address svstem. A reset switch on the cabin attendant panel shuts off the horn and the alert light, and
allows monitoring to resume once the area is cleared of smoke.
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Figure 5-7. Jamco Ionization Smoke Detector PU90-461.

Since the inflight fire on the Air Canada aircraft in 1983 and subsequent FAA ruling, all current Boeing
aircraft have current overloud protection on the lavatory pump motor. No smoke or fire incidents have
occurred since the addition of the FAA-mandated overload protection devices. Therefore, additional smoke
detectors behind the toilet shroud was not considered a necessary. On some airplanes, such as the 737, the
shroud (tank) area is connected to the cabinet area and the "under-sink counter detector" would detect
smoke events that would emanate from the tank motor.

5.3.3 Electronic Equipment Bay

Concept A incorporates the current 757 baseline detection system in the E/E bay without change, except for
the use of a LED light source to replace the white light bulb currently in use.

5.3.4 Attic Area

The overhead area on the main passenger deck above the ceiling panel (attic) has been identified as a new
area for smoke/fire monitoring. The attic is a large hidden area which has electrical wiring, air ducts,
lighting components (ballast), galley exhaust vents, and (on some models) video equipment. In models
with retractable clothes closets (not a feature on the 757), an attic detector would be able to monitor the
motor used to pull the closet into the attic. Attic sensors become more important on widebody aircraft such
as the 747 and 767, both of which have much larger inaccessible areas above the ceiling panels (as com-
pared to a narrow body aircraft).

Six of the Gamewell RT-7 consecutive pulse photoelectric detectors, Figure 5-2, (same as used in the cargo
ompartment Section 5.3.1), are to be placed equidistant down the length of the airplane in the area above

ti, ceiling liner of the passenger cabin, Figure 5-8. The detectors will be staggered on each side of the
main overhead air distribution duct. Provisions will be made in the necessary ceiling panels to allow access
to the detection units for maintenance.
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Grmewell photoelectric detector

Air distribution duct

Figure 5-8. Attic Detectors.

The block diagram for the attic detector would be the same as shown in Figure 5-5, without the compara-
tor, as the attic detectors will not linked with "and- logic. The alarm signal will be relayed to the EICAS
Computer for alerting the flight deck. to the cabin attendant panels, and a chime will be generated to sound
on the passenger address system.

During the course of this study, light ballast units weir found to be an identifiable source of smoke in the
passenger cabin area and have been subjected to testing for resistance to electrical faults by the FAA
Technical Center. Such taults would be detected by the proposed attic detectors.

5.3.5 Air-Conditioning Pack Ducts

Conditioncd air discharged from the air-conditioning packs will be monitored for smoke ingestion before
reaching the mix manifold, Figure 5-9. This location was selected to expedite pack shutdown, should
smoke enter the passenger cabin as a result of an air pack malfunction or contaminated bleed air. With the
introduction of air bearings in the air-conditioning pack, the pack shutdown procedure was deleted from
the 757 manual. I Iovcver, other sources (besides bearing failure) such as contaminated/smoky bleed air
can result in smoke being delivered to the passenger cabin. Although these events are infrequent, provision
to monitor the air exiting the pack was judged to be prudent.
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Figure 5-9. Air Conditioning System

In the older Boeing aircraft (equipped with oiled bearings), the procedure to locate a malfunctioning pack
was a process of elimination. The procedure calls for shutting down the right hand pack, then waiting five
minutes for the smoke in the cabin to diminish. If th -imkc d, a t sb-id', the pack is restarted and tile
left hand pack is shut o.wn. Thi, iv, tine-consuming, and if the left pack is malfunctioning, can allow large
quantities of smoke to enter the passenger cabin, creating high levels of anxiety among the passengers.
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Geamatic light-attenuation photoelectric duct detectors were selected to monitor the pack air for smoke.
The detectors will be mounted as a pair upstream of the mix manifold (Figure 5-9), and linked with "and"
logic. An alarm signal, generated when both detectors sense smoke, is sent to the flight deck, allowing
pack shutdown procedures to be initiated well before noticeable volumes of smoke enter the aircraft. The
Geamatic units self-test for detector cleanliness and a maintenance signal is generated when sensor con-
tamination levels reach set limits. Figure 5-10 shows the block diagram for the conditioned air monitoring
system.

r-------------------------------------------------

Mainteneance Check Service
Reclaibration Message

Alarm Level 1
Comparator

Alarm Level 2 -

R mparator Eri Ms

S------------------------------- ---- J
- enor /~h 1Alarm Level I-2

Mainteneance Check SrieMsae lgtDc

Reclaibration Isrvc MesAlerting

28 Vdc Power Supply

Figure 5-10. Conditioned Air Smoke Detection SystenL

The installation location for this detector may subject the sensor to water droplets and/or fog depending on
humidity conditions. The Geamatics capability to provide reliable monitoring in this area will require
additional analysis and testing.

5.3.6 Galley Ceiling

One Jamco detector ionization will he placed in each galley work area, Figure 5-11. The detectors will
sense smoke emitted from the front of ovens, carts, storage compartments, and waste containers. The
galleys are sealed in the back and any smoke generated from behind the galley will be detected by the attic

1.9
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mounted detector
(each galley work area)

Figure 5-11. Smoke Detector Galley Area Ceiling.

Since cachi galley detector will be interfaced with the cabin attendants panel and the flight deck, the
schematic diagram will be the sam~e as the lavatory detectors, Figure 5-7. Of concern, but which can only
be resolved wvith further analysis and testing, is whether the minor miscellaneous spills, steaming coffee.
and other normal galley activities will cause undue alarms during food service preparation. The monitoring
of this location may be of greatest benefit for use on long duration flights when the galley area is without
activity for extended periods of time.

5-4 SYSTEM REQUIREMENTS

Thie systcin requirements for Concept A are the same as for the baseline aircraft and are discussed in
,section 3.--1.

Thei Giamew-ell consecutive pulse photoelectric smoke detector and the Geamatic light attenuation duct
d-etector wvill require repackaging to mneet standards imposed on flight-quality hardware. Certification to FAA
standlards will be necessary prior to installation on commercial airplanes.

5.-it. I False Alarm Protection

An Jarin sx-stein thait does iiot provide consistently accurate information would, over time, be treated as a
nuisaiic and the bhoy whio cried wolf" syndrome results. For safe operation of an aircraft in a smoke/fire
situatio n, it is critical for the flight crew to be able to react with the utmost speed in preparing to divert to
the( neaestaalable mirport. Such timely action will take place only if a minimum of time is spent in
2ssess,"Iineo lhe validity o)f the alarm. For this reason, false alarmn protection will have a high priority in the
o(Il ILmfir. in of the ACES fire alerting system.
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The ACES Concept A systei provides several means by which to protect against false alarms, especially in
the unoccu pied inaccessible areas. Protection is provided by: consecutive pulse photoelectric detectors,
SClf-monituring photoelectric detectors, and the use of colocated detectors that are then linked with "and"
logic. Iicli of these features are discussed below.

The c0Inseeutive pulse fale alairm protection feature ulses a pulsed LED in a photoelectric configuration,
'xitli a rate (4 aT pule eve.ry two seconds. The Gamewell RT-7 detector (Section 5.2.2), which employs
the pulkeCd fcIture, is slated for uUe in the cargo compartments and the overhead attic area. To trigger an
alarm. the light rceCiver must have light of sufficient intensity strike it four consecutive times, that is, the
iCceV,(' muIst -sCe light four times over an interval of eight seconds. For example, if the sensor "sees" an
larm01 lv\e. of particles> r three pulses but not in the fourth, the smart base will reset the counter and the

ni ocedure wIll bia anew. 'lhis fCatur is designed to prevent talse alarms as a result of a single, light
>( att[ug even2t.k'/

A self- in )it( trilg detector, such as the light attcnuation photoelectric unit manufactured by Geamatic,
pr tcc-ts against false alarn by checking system cleanliness at a regular interval. The light emitter is boosted
t c(mipnst,,tc for any contamination on tile optic surfaces and the unit continues to operate without either
reduced ,or heightened sensitivity. This feature will reduce or eliminate false alarms due to system contami-
Uatit0. 'l'hc ( :eainatic unit generates a maintenance message before the system is completely "blind".
aill vmng the system to be til)eraitio.il without experiencing a blind period, as is the case with some units
hlat mu o 'int' (blind) before a maintenance message is generated.

['lie .ceitatie dcte. tor also provides a two-step analog output. Step one gives an initial signal, while step
txv rqUIres- an inIcreAl in smoke density to trigger a second alarm signal. This capability can be utilized
ly re tniring th: scnJr to "see" both smoke levels before giving an alarm or the lower level signal from
b(tl iletecti(irs. co uld Ise ucd to generate the alert. This provides additional flexibility for alarm generator,
pio idii ta i .la Ili protcction over a binar- type sensor.

(: illcar~iing deteCtors pi m ide additional protection and reliability when the detector pairs are linked by
and' logic. [his c',nthguration requir,'s both of the detectors to "see" evidence of a fire before an alarm is
Cnt to) the flight deck lind or cabin atttaidant panel. Such a system configuration provides the added
l'antig~, c(f al, ,wing for the system to reconfigure to "or" logic (one detector initiates the alarm) in the

ctviit tA (ile 1)( Llet_ d(tttrs malfunctioning.

'lie .\(:> \ .ten i I .designed to )-A)ninlOusly interrogate the sensors to determine their operating condi-
titin [:(,r dote, t r, liliked with 'and' lo'ic this is essential to ensure that both detectors are indeed func-
tiimilg. II, thie "ati , con 'nIgtnrati(n. if one of the detectors ceases operating, the system can be
Lcv' rIfhgured tl in ",a ni" ti " lo "igie, and a Malfunction, fault message is sent to the ma1iintenance com-
phte r.

5.-1. 2  W'iring

TIe steii xx iringd is ellilcd tio be rCliable, functionally effective and maintainable. The present standard
tralc'i k, tm l '\ lvirc Is indlu dcesign, fibrication, and installation would support the Concept A system.

q..t{ ;Slsint L"milt't' Anili'sis

\e it' Ivli n.imi A( ij u . is thait ,ystulll I-(eliability be etqual to or better than the current system, dis-
; '- (-c k il ' I , u i.3. Such ain anlysis caniot be perforned until the actual flight quality detectors can be

t I I In ill t t ,'li 'itcd mai;lnerl for life cycle mean time between failure (CMTBF). Redundant design
In' it ivs pr lt. highly n1l a rclil! st sie-s with ninimunm dispatch impact.

- . I t .% 'n, l ()lt"'l



5.4.5 Built-In Test (BIT)
The system will be tested automatically on a continuous basis, as required, to verify system integrity.
Continuous testing will enable the system to automatically reconfigure to operate with "or" logic should a
component failure occur inflight. Current systems are automatically tested upon power-up or engine
shutdown, as required, and this feature will be retained in the Concept A system. The flight deck will have
press-to-test capability providing for system functions to be tested from the flight deck. Appropriate mainte-
nance messages will be displayed via EICAS if a fault is diagnosed.

5.5 FLIGHT DECK DESIGN

5.5.1 Electronic Checklist Design
Figures 5-12 and 5-13 depict thc two-page display screen for a CRT-based checklist which, in this example,
addresses an AFT CARGO FIRE alert. The figures illustrate an implementation in which the warning-level
checklist from the QRI1 is displayed on one of the EICAS screens. An implementation scheme that is direct
and closed-looped has been selected for checklist op.ration. In the closed-loop design, each item is
initiated by the pilot, using the appropriate system panel switches. The switch action is then sensed by the
checklist logic, which updates the display and tracks each event that has been completed. This keeps the
pilot "in-the-loop." an objective of pilot-centered automation philosophy.

CARGO FIRE - AFT

m [AFT] CARGO FIRE SWITCH ---------------------- ARMED

0 CARGO FIRE BOTTLE
DISCHARGE SWITCH ---------------------- PUSH
Push and hold lor I second.

NOTE: DISCH light may require approximately

30 seconds to illuminate.

ONE PACK CONTROL SELECTOR OFF

After 80 minutes or during approach
whichever occurs first:
NO.2 CARGO FIRE BOTTLE

DISCHARGE SWITCH ---------------------- PUSH
Push and hold or 1 second.

rSI]IPAGE NFLNE D ON N NEKI PW PLN
Page I of 2 BA P L H

Figure 5-12. Format for the Electronic Checklist -
Aft Cargo Fire Checklist.
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CARGO FIRE - AFT

E No. 2 CARGO FIRE BOTTLE
DISCHARGE SWITCH ----------------------- PUSH
Push and hold for 1 second.

CHECKLIST COMPLETE - CLEAR DISPLAY ...

PAGE [LINE DONE FSKIP FPAG-E

Page 2 f2BACK UP LINE DOWN LN

Figure 5-13. Page Two of the Aft Cargo Fire Checklist.

5.5.1.1 Lhc(klist Features

System identiication of the specific fault and its locaion is used to access a checklist that is customized for

the particular fault and other prevailing conditions. The checklist itself is pilot-selectable and, depending
upon its criticality, may ble inhibited during certain phases of flight. For example, the fire bell and master
warning lights would he inhibited for fire warnings which occur after gear strut extension on takeoff and
before 20 seconds elapsed time or the reaching of 400 feet above ground level (AGL). Caution tones and
lights are inhibited -tter an airspeed of 80 knots is reached on takeoff, and again ending at 20 seconds or
i0) fcct AGl. The EICAS messages for these alerts function normally however.

The basic desiwn ot the checklist will be similar for all alerts that have flight deck procedures. This format
p\dcs fot II.he differentiation of the "current" action item, "completed" action items, "incomplete" or
skipp d l< ti,n l2Wus. and "in-transit" action items (items that have been initiated but whose action has not
Vet{ re.;i ic't[ Ct trpicti(on' I.

The design kf !the: electronic checklist makes extensive use of color coding to enhance the operation and
interprctatin ri4 the checklist. The 'current" action item is indicated in magenta, with a magenta box
around the item (iu I:igure 5-12, this is the "NO. 2 CARGO FIRE BO'ITLE DISCHARGE sWITCH' item). A
comphteld item is slhown in green, with a small filled green box show,'n to the left of the item (the "[AFT]
CARGO FIRE S\WII'VV item). An in transit item has an open, green box beside it, with the item title
remaining white until the action is completed (i.e., the "CARGO FIRE 13O'F'LE DISCHARGE SWITCH" item).

'the ONF PACK C( )N'TR( )L SII.(71'OR" item illustrates an item that has been skipped or is incomplete, and
the',e arc '_' on ill whitc. Vhcn tie other items in the checklist have been completed, the system automati-
call returi tot ihw iiicll pletc ier, which can then be completed or again skipped. Memo (non-action)
itcnis are ,liown iu cx in. Figurc - 13 slhows the item second page of this checklist. The last item from the
ir"rt pac is shm wn at tIle top of the second page in it, completed form. The final checklist item is to either

accept the '( I [ KIIST ( )OMPLI.'EI)" i or an "C NCOMI'LEI'TE CII ECKLIST") message, which clears the
clct klist fr,,n tIh c li.01lay. tr ttr Concept 13 to select the inflight diversion planner (PLAN) (r synoptic
disltly 1 SYN), whlt Ii \% ill cle-ir the cic klist and bring tip the desired display.



5.5.1.2 Checklist Operation Interface

A method of interfacing' with the electronic checklist must be provided for the crew. While the exact
illiplcilcnlatiti Wn would depend upon the overall information management systemn on the airplane, several
control schemes xverc revicwcd, including: a) dedicated switches moufinted on the glareshield; b) a small
kcvset -With curLsor Control oll(iLlntcd either on the control column, on the seat armrest, or from the forward
.uslsc.Itand: and c) a touch scrccn mfloLInted on the lower EICAS display. For purposcs of demonstrating the
fcaturcs and operation of thc ACES conccpts, the second alternative was selected. The same basic tech-

Ili.IC \\'is. U sed for both Concepts A and 13.

Checklist items that involve pilot checks not requiring push-button or toggle switch actions are checked off
by depressing a "IONE" switch. For the PC-based demonstrations, this switch was used to "completc all
items on the chccklist.

,)Itt \sxvitchus incorporated at the bottom I, othe display page also provide the capability to space back or

ahcld ,nc lin1e itcm at a time. or to page ahead or back within the checklist.

Prmo l)n r accesing, m a rtion pages, synoptic, or the inflight diversion planner supplement the

pcrt -i1rn.i nec it the checklit. Thc provisions for synoptic and the inflight di\crsion planner, while shown in

tle ric. are only implcenlted in Concept 13.

IcTr femturi-cs of the elctl(ronic checklist that would be incorporated include: a) the automatic sensing of
\ itch actiolns: )li the application of expert systems to checklist customization, c) multiple-fault checklist

p)rii/at ion an( I (I) the resolution of conditional ("if") statements. If a system faicl prevents the crew

trom conph_.-tin, th' elcicnnmic checklist, they revert back to the Quick Reference I landbook.

For lunctin, hat .t-e accomplished throu li switches on systems panels, etc., the signals from the switch
cl sing.,, :ire il. romitcI to the lICAS ci Mputcr, that initiates and completes the appropriate coding changes

of ie items on i he checklist dispLv. The crcwlmcber can easily follow the status of the checklist items
due to te (-()]()r and svmlibolic coding used to reflect checklist item .status.

All necssar checklist actions arc available on the checklist display page. If the pilot leaves the checklist
\\ith(lul omplctim, it. a reminder that the checklist is incomplete is provided on the new display format.

-. 5.2 iabin Attendant Panel

l'oI ecal ii atteil'ahnt lanel is designed to provide enlanced alerting procedure and tracking of alerts that

arc 1lie prilmry rcspnmsibilitv of tie cabin attendants. Figure 5-14 depicts the basic layout of the panel and
tlie are. that would initially be illuminated for an "AF" LAVATORY SMOKE" alert. Three separate panels

arc located in the p ssengcr cabin: at the aft, mid, and forward cabin attendant stations. Layout of the

panimls is ,dcnti. al at all three locations except for a small triangular sym)ol which indicates panel location

li-urc S- Il shovs in al't pancl location).
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INTERCOM Cabin Attendant's Panel
V

FWD MID AFT Procedures

CALL

MEM.

Figure 5-14. Cabin Attendant Panel -
Aft Lavatoty Smoke Alert.

5.5.2.1 PaIlll Fc.:itures

'Ihe lelrt indicaItors aInd Control swVitches are arranged in separate COIlumns lab~eled "FWD", "MAID", and
"APP'. \X'hile this re-sults in a higher overall num-Lbet of indicators and switchecs than would be absolutely
neccessalry. it wa's feit th1at thle reCdtndancy provid.ed inl indicating the location of the event, and the circuit
sepaI-Ratin wereC Valuahlc assets in thle design of this panel.

The function oftlhc cabin attendants panel is to provide a. point sourIce of information in the cabin that will
prllvidc the tvpe aind location of thc sensor alert and both a verbal and nonverbal commiu nica tions link to
tile tli-lh dck.

If tile: alert is, ihe( pontlarv responsibility ofI tile cabinl attendaints, the alert signal will bring tip the alerting
idc1rsanld warning tWme onl thei cabin attendanlt panel, with lights indicating both thle Urgency and the

lfotIn (Ifthec event. THie alert is siutno Ssent to the flight deck and displayed on thle Lipper EICAS

2. PancIo2 ()pcrlrioln
Th'le top three indican ir sqcglwlts inl anv column111 dlesignate whether the smoke/fire event is located in thle
(orres(.1ponclingiva .1alle. (or passenger cab~in attic. If the event has reached the alarm condition, the
ippr(jiite "LAVY, "GALLY", Or AiI(/I indicator illUmninates red. along with the associated "ALER'I

Thecca Ii atendat v~lll initiallyv res'p ml hy pressing thle illumninated "ALERT' indicator, sending a rie-
SpI Ikln~ I I.55 to (l ie fligt deck. l)ulngi or after attending to the smoke 'Tire event, the attendlant canl

(lear reset tile panell by pressinlg tile "CLEARRESL'- button, that is aI readable, but non-illuI.1nated button
mtit ile -\ ALEIT buttn n Is pressed. aIt \\yliei timeI it illu.minates wvith a blue background (Figure 5-15). This
stattis 1rIrlrnItiol m((I 11(1 be reaIyed to tile flight deck by pressing tile -CLEARRESET- buitton, or by talking
toik til( flj lee k oMert- e1 lai sekt ph u(iie that will lie idliacent to thle cabin attendant panel.



INTERCOM Cabin Attendant's Panel
V

FWD MID AFT Procedures

I:1 I

CALL

Figure 5-15. Cabin Attendant Panel -
After Attendant Response

There are three switch-indicator light segments located below the "CLEAR/RESET" switch-indicator in each
column. The first of these is a "DISCH" lamp for any extinguishing bottles that may be a built-in part of the
lavatory, galley, or attic smoke/fire extinguishing systems. If a bottle has been discharged, the lamp will
illuminate with a blue (advisory) background. Pressing the "DISCH" indicator-switch will cause the area(s)
where the discharged bottle is located to illuminate (lavatory, galley, or attic).

The second indicator is a "FAULT" button which will illuminate (also in blue) if any detector circuit is
determined to be faulty. As with the "DISCH" indicator, pressing it will illuminate the affected area.

The third switch is a lamp "TEST" switch to checkout the operation of the panel. Depressing the switch will
cause all operating panel indicators (for that column) to illuminate. Figure 5-16 illustrates operation of the
"TEST" switch-indicator.
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INTERCOM Cabin Attendant's Panel
V

FWD MID AFT Procedures

CLEAR/

RESET

CALL

lll.

Figure 5-16 Cabin Attendant Panel -
Circuit/Lamp Test.

Cabin attendant procedures (checklists) will be presented on printed flip cards on the panel, in a format
that can be periodically updated if procedures are upgraded or modified. A changeable card system for the
several checklists will be employed at these stations. For the Phase I concept definition study, and Phase II
prototype hardware development, the attendants panel will be simulated on a PC-based system.

5.5.3 Data Management
The 757 EICAS computer, that will host the algorithms and display formatting associated with the ACES
concepts, is currently "full" (no additional storage capacity is available at this time). It has therefore been
assumed, for the purposes of the ACES study contract, that a larger computer would be in place on future
757's before consideration could be given to the incorporation of the processing and display features
needed in the ACES concepts. Since a larger computer would be needed for both Concepts A and B, this
aspect is not considered a factor in comparative evaluations of the two concepts.

With a larger computer, it is also anticipated that the data bus would be upgraded from the current
ARINC 429 bus to a bidirectional ARINC 629 (DATAC) bus. The remainder of the display hardware is

assumed to be unchanged from the current set found in the avionics suite of the 757-200.

The basic display generation capability of the 757-200 avionics suite will be utilized to support Concept A
requirements. The major changes consist of the addition of several alert messages to the alert display
portion of the upper EICAS and addition of the format structure for the electronic checklist.

5.6 CREW PROCEDURES
Concept A results in new areas being monitored for smoke/fire events. As such, new and expanded
procedures and training need to be developed and/or refined to reflect the capabilities of an ACES system.
Although exact procedures can not be fully developed without a working test system, some of the basic
procedures can be commented on. As has been stated in earlier sections of this report, the guiding philoso-
phy is to keep the pilot in the loop, that is, only the flight deck can initiate actions to shut down or
reconfigure equipment.
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Responsibility for fire fighting duties fall into two categories, those for which the primary responsibility lies
with the tvo-man flight deck crew and those with the cabin attendants.

The flight deck has primary responsibility for smoke/fire events in the cargo compartments, E/E bay, and
the air-conditioning system. The procedures currently in place for smoke/fire events in the cargo compart-
ments and the EE bay will not be changed. These procedures will be displayed to the flight deck crew via
the electronic checklist (Section 5.5.1), displayed on the lower EICAS screen. A smoke alert occurring in the
air-conditioning monitoring system will require new crew procedures. These procedures, to be displayed
via the electronic checklist, are seen to be:

a) Shut down the faulted (left or right) pack.

h) Command the remaining (left or right) pack to high flow configuration.

c) Command recirculating fans off.

d) Institute diversion procedures (if deemed by flight deck to be warranted).

The flight deck will also be made aware of all alarms being generated by the lavatory, galley, and attic
detectors. The flight deck will not actively participate in fighting the fire nor would the two-man flight deck
cre," he involved in visually accessing the situation. The procedures to be initiated from the flight deck may
include:

a) Pulling the circuit breakers to shut down electrical power to the affected lavatory or galley
complex.

)) For an attic alert the circuit breakers to be pulled would be those to non-essential overhead
electrical equipment and lighting, such as interior ceiling lighting, sidewall lights, passenger
service units, and in some configurations video equipment and retractable closet motors.

c) Institute diversion procedures (if deemed by flight deck to be warranted).

The cabin attendants have the primary fire fighting responsibilities for smoke/fire events that occur in the
lavatory, galley, and attic. In these areas the cabin attendants procedures would involve pushing the
button, switch on the cabin attendants panel to provide the flight deck (non-verbally) that the alert is being
investigated. The attendants then have at their disposal both halon and water filled fire extinguishers with
which to fight a fire. U1pon reacting to and investigating the alarm a cabin attendant would establish verbal
contact wvith the flight deck via the handset (colocated with the cabin attendant panel) to apprise the flight
deck of the Situation. Dcpending on the situation the cabin attendants may elect to placard close the
lavatory Or shut do-wn the galley complex. An incident in the attic may require that halon be discharged
into the space above the ceiling via a hand held extinguisher equipped with a wand to enable the ceiling
panel to be penetrated.

Crew training (flight deck and ,.abin attendant) to incorporate the new and/or expanded procedures will be
necessary to maximize the benefits of a ACES system. The training must emphasize communications
betwecn the flight deck and the cabin attendants. Clear and concise communications are necessary in
providing timely resolution of smoke/fire incidents. The time and resources that need to be committed. by
both the ,urframe manufacturer and the operating airline, to make the flight crews proficient in the use of
an ACES system can not be estimated at this time

SYSTEM INSTALLATION COST

An installation and cost matrix for each of the two concepts has been prepared and shown herein as
Table 5-2. The cost matrix is composed of several coniponents: nonrecurring cost which consists of engi-
nccring f* r dc:Iign and dcvelopmcnt of ACES systems, fabrication and installation drawings, avionic soft-
ware and flight deck changes, certification and flight testing, maIufacturing tooling design and develop-
mcnt, t( iling fahrication, and miock-up fh)r form and fit.
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Table 5-2. ACES Production Estimate.

Concept B

Labor Concept A Schlumber York

Installation & Fabrication
Initial Design $0.47 $0.91 $0.93

Sustaining $4.00 $6.12 $6.30

Engineering
Initial Design $3.10 $5.51 $5.51

Sustaining $1.13 $1.45 $1.45

Total
Initial Design $3.57 $6.42 $6.44

Sustaining $5.13 $7.57 $7.75

Total $8.70 $13.99 $14.19

Flight Test $0.50 $0.80 $0.80
Total Labor Cost $9.20 $14.79 $14.99

Material
Detectors $2.26 $3.04 $3.04
System Cost $20.00 $20.00
(@ 100K each)

Total Material Cost $2.26 $23.04 $23.04

Total Cost (1) $11.46 $37.83 $38.03

Average per ship set $57,300 $189,150 $190,150

Note 1: 1990 dollars in millions

Recurring costs include repeated manufacturing operations for systems installations, engineering support of
manufacturing for initial implementation and sustaining support, material (detectors, sensors, wiring, and
related hardware) necessary for installation in the 757-200, and functional test required for delivery and
certification. Two columns are listed under Concept B to denote that two different thermal sensors were
evaluated for this application.

Basic to the cost estimates is the assumption that ACES installation would occur as a block change on
current production aircraft and not is a retrofit package to aircraft currently in service. Integration costs for
retrofit installations would be subtantially higher and are not included in these estimates.

The cost of each of the two respective systems is presented and discussed in Sections 5.7.2 (Concept A)
and 6.7.2 (Concept 1).

5.7.1 ConmponcntiSubsystem Quantity,'Cost
The total quantity of each type ot detcctor required for Concept A and tile unit cost for each is listed in
Table 5-1. In souic instances, the unit cost was estimated for thosC units that are not available as flight-
qualified hardwvare. Pncs for the inclividual componen':, will vary and depend on the quantities ordered.

5.7.2 Installation Cost Impact

The total cost for implementation (if an ACES Concept A system is estimated to be S 11,,i60,000 for a pro-
ductiin rmn of 2t)u aircraft. This includes all development labor for engineering and tooling fabrication.
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recurring costs for labor and materials necessary to support the systems installations, and any support from
engineering. These costs would then, on a single shipset, average approximately $57,300, excluding any fee
or contingency factors. The cost breakdown for Concept A is referenced in Table 5-2.

6. CONCEPT B

6.1 GENERAL DESCRIPTION

The ACES Concept B incorporates all of the detection capabilities described in Concept A, with modifica-
tions, and adds additional features that are unique.

Concept B will change the consecutive pulse photoelectric detectors of Concept A to photoelectric detec-
tors that have full analog oUtput to provide the capability to trend-monitor smoke events. Analog output in
conjunction with interrogation software should virtually eliminate false alarms, thus increasing flight deck
confidence in the system. A thermal detection and monitoring system has been considered and proposed
for monitoring the cargo compartments and hidden areas. Two types of thermal detecors have been
researched and will be discussed in detail herein. These sensors would be used to monitor the temperature
conditions after an event has occurred. Monitoring of thermal conditions might negate the necessity for an
emergency evacuation procedures once the aircraft has landed, and reduce the possibility of passenger
injuries. Thermal detection is not usually considered a candidate for a primary sensor because of the time
required for the air temperature to rise to a point above the set threshold temperatures. Threshold tempera-
tures would require a large range of values to accommodate the temperatures the cargo compartment
experiences, i.e., cruise altitude to runway temperature. Monitoring changes in outside air temperature
versus changes in sensor temperature would negate some of the problem with temperature transients.

Under certain test conditions, such as alcohol fires, thermal detectors have been shown to respond faster
than photoelectric detectors. Further testing under actual cargo/load conditions would be warranted to
verify thermal detection systems as primary sources of detection.

Once an alert is sounded, an electronic checklist with the correct procedure can be implemented. The
checklist will track the sequence of steps to be followed on the flight deck and confirm completion of these
steps.

An inflight diversion planner will provide information to the flight deck that will significantly lessen both
the time and crew workload required to divert to an alternate airport. Local airports along the planned
flight path, pertinent information such as; runway conditions, emergency equipment, and flying time are
displayed on a moving route map.

A block diagram of the Concept B system showing areas monitored for smoke/fire events, locations to
which sensor output is directed, flight deck/cabin attendant communications, and suppression capability, is
illustrated in Figure 6-1.
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F/D - - - - - - - - - - -(Intercom ) - - - - - - - - - - - - - - - -

Handset I
I I I

Flight
deck

EICAS
MW/C Forward Aft

cabin Hand- Mid-cabin Hand- cabin Hand.
attendant set attendant panel set attendant set

panel panel
EICAS t

message Vc

Passenger cabin
Galleys, lavatories, ceilings

(4 handheld fire extinguishers, Lavatory wast bin halon bottles)

Lower fuselage

E/E Cargo bays Cheeks, A/C
FiebyFdAtliners, wire ductsFirebaFwAf

suppression I harness

cargo Halon fire suppression cargo

Figure 6 -1. ACES Concept RL

6.2 DETECTOR TYPES
Two new detectors are introduced in the Concept B system; continuous thermal monitoring in hidden areas
and analog photoelectric in the cargo compartment and attic. The component cost of the detection system
dc.ed for Concept B is listed in Table 6-1.
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Table 6-1. Concept B Component Costs.

Locations Unit Type-
Monitored Units Costs Costs Manufacturer Part No.

Smoke detectors

Cargo/lower lobe

Fwd (1, 5) 2 $600 $1,200 Photoelectric - Fike 63-014

Aft (1, 5) 2 $600 $1,200 Photoelectric - Fike 63-014

Lavatory

Ceiling (4) 4 $225 $900 Ionization - Jamco PU90-461 R3

Under counter (4) 4 $225 $900 Ionization - Jamco PU90-461 R3

Forward E/E bay

Supply air (1) 2 $788 $1,576 Photoelectric - Autronics 2156-204

Exhaust Air 1 $788 $788 Photoelectric - Autronics 2156-204

Galley

Ceiling (4, 5) 4 $225 $900 Ionization - Jamco PU90-461R3

Passenger area

Attic (4, 5) 6 $600 $3,600 Photoelectric - Fike 63-014

A/C (1, 2, 5) 4 $1,030 $4,120 Photoelectric - Geamatic SDS-300A

Thermal Detection (3)

Cargo/Lower Lobe

Fwd 1 wire

Aft 1 wire

Cheek 2 wires

Passenger area

Attic 1 wire

Wire runs 5 $100,000 (6) Note 3 TBD

Total 34 $115,184

Note 1: Installed as pairs with "and" logic
Note 2: Conditioned air upstream of the mix manifold
Note 3: Acoustic thermal detector (Schlumber) or fiber optic (York)
Note 4: Connected to the flight deck/cabin communications panel
Note 5: Estimated, not flight-qualified hardware in current commercial configuration
Note 6: Total estimated cost for a 5 wire run system
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6.2.1 Ionization

Concept B will use the same ionization detectors as identified for Concept A, Section 5.2.1. The sensitive
ionization detectors (incipient stage of the fire) are intended for use only in areas where the cabin atten-
dants have quick and ready access: lavatories and galley areas. Jamco detectors (P/N PU90-461R3) are to
be used, with the alarm signal sent to the cabin attendant panels and to the flight deck.

6.2.2 Photoelectric

An analog photoelectric smoke sensor manufactured by Fike, P/N 63-014 (Reference 17), will replace the
Gamewell detectors that were identified for use in the attic and cargo volumes in Concept A. The Fike
detector transmits an analog value proportional to the percentage of obscuration measured by the sensor.
The sensor has built-in calibration and test circuitry. In its commercial application, a sensor array is linked
by the Fike Intella-Scan panel, a microprocesser control panel, that monitors the sensor network. The
control panel is the -brains" of the system, interpreting the signals which are received from the sensors.

The sensor chamber, Figure 6-2, contains a carefully calibrated test LED that is remotely activated by the
control panel to accurately measure the quiescent condition of the sensor. During calibration, an analog
calibration value is sent and stored in the panel. The calibration value is used by the panel as a reference
baseline by which to measure the sensor signal and monitor the unit for maintenance. The control panel
allows each individual sensor to be set to alarm at different levels, allowing the level of obscuration to
initiate an alarm to be custom tailored to the environment.

Photo diode

Lens
Electrical shield

I I

I I

Figure 6-2. Fike Analog Photoelectric Detector.

The Fike sensor is not flight qualified at this time, but there is nothing inherent in the technology to pre-
clude the manutfcturing Of a unit that would meet flight specifications.
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6.2.3 'Thcmllrn
Two types of thermal monitoring detectors were investigated for use; spot and continuous. Spot detectors,
such as thnr()coiUples, were not chosen for use in Concept B as this type of detector requires ilullerous
\wiffing runs and ColleCors. In addition the loss of one or iwo sensors in a thermlocouple system can
blind the svsten i to a large area being monitored. Continuous detector/monitors were the type of detector

chosen. With Ihese systems wire runs and connectors are kept to a minimum and the system can he
monitored lrml both cnds of the wire to provide redundancy. If the wire is damage or I roken, mbf rmation

can continuRe to )e obtained.

C(otinuous (firewire). detectors aire used on tile 757 to detect o% erheat ,onditions in powXer plants and
lcaks from hot air ducts. A firewire operates on changes in electrical resistance to monitor theirmal condi-

tions. At normal tCm)erature, resistance is high, but drops rapidly as the element is heated. When the
rcsistance decreases to a preset level the electronic controls activate the fire alarm. The continuous de,tector
CurCtlv in use provides two levels of information: "'overheat" and "fire".

NeNw technologics in thermal monitoring allow temperatures to be monitored digitally, l)igital data co uplCd
with advnccd software algorithms provide further protection against false alarms. Thermal monitoring in
the :\CES Concept B sv Ecter is to he provided by one of two distributed tCmperatUre system ()l'S): fiber

optic and acoustic technology, each of which will be demonstrated.

Either die fiber optic or the acoustic method of overheat/fire detection could he designed to ilepIace the
,n1itolrin.g currently preformed fry tile fIreXirC system. The use of one type thernal detection system on

the airplane would provide cost benefits in the form of fewer part numbers, spare part i'e(uiriemlents.
c( nil )nI installatio m and maintenance proceiures.

6.2.3. 1 Fiber Optic
The fiber ptic System identified for evaluation in Concept B is manufactured 1y York V.S.O.P. of the

I'nited Kingdom, (Referencc 18). The York DTS 11 in its current configuration consists of one to four
muItimodC optical fibers, an electro-optic system, and a controlling .icroprocessor, shown as a block
diagram in 6igure (-3.

1-4
Optical sensing
front fiber

AeD end loops

j Timer Averager converter Amliie

Micro-
I prcso

prc o 
Sensor system

Computer
(process

and
display)

Figure 6-3. Schematic Layout of the York Fiber-Optic DTS Systet.
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The electro-optic box contains the laser light sources, optical systems for launching eye-safe light levels into
the fiber, the optical detection system, and electronic signal processing to analyze the light returning from
the fiber. Each box can cunently "run" and process the data on up to four fiber loops. Growth 4, the
system to more than four loops is not beyond the current technology. Fypansion w,-ild require greater
processing capability and reconfiguration of the optical front end. Each tiber loop can be up to 2-km in
length. The interrogation time is 12 seconds per loop for a 2-km length of fiber, allowing a four-loop
system (8-ki of fiber) to bc evaluated once every 48 seconds. Upon detection of a thermal abnormality the
effected, loop would be repeatedly interrogated, allowing the loop to be questioned 5 times in one minute.

The fiber-optic (DT'S system utilizes the scattering properties of pulsed light to determine temperature. As
the light passes through the commercial multimode optical fiber cable, Raleigh scattering occurs, a phe-
nomenon in which light is reflected equally in all directions. Thus, some of the light is directed back down
the fiber to an optical coupler and then to the signal processing unit. The approach is to modulate the
scattering loss coefficient by temperature; the Raman component (anti-Stokes) is particularly sensitive to
temperature along the fiber. As the temperature of the fiber rises, the amount of Raman-scattered light
increases. Fiber losses are negated by transmitting the lased pulse from each end of the fiber, canceling the
noise components of the signal. Pulsing both ends of the fiber also serves to make the system insersitive to
breaks in the fiber, as the information on either side of the break is still available.

Currently, the spatial resolution of the York system is on the order of 7.5m (25 ft), although, in conversa-
tions with York, the impression was given that a finer resolution was to be available in the near future. To
obtain a finer resolution, the optic fiber is coiled on a spool, enabling the spatial resolution to be reduced
to about 4 cm, allo-wing for point monitoring.

6.2.3.2 Acoustic

A continuous thermal monitoring system, using an acoustic technology, has been identified. The system,
manufactured by Schlumberger (Reference 19), is similar to the fiber optic system in that a pulse is
initiated and the returned signal provides information that is processed to establish thermal environmental
conditions.

The acoustic system is comprised of three components: a solid steel-alloy wire, a transceiver, and a control
unit. Figure 6-- shows the sensor wife, transceiver, and the wire support clips. A broadband ultrasonic
pulse is sent down the wire and reflccted back to the transceiver. Variations in the frequency domain of the
reflected pulse are a result of changes in temperature of the wire.

Support clip

Sensor wire

Transceiver

) To control unit

Figure 6-4. Schlumberger Acoustic Thermal Monitoring System
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The sensor wire is a 0.064-in diameter steel-alloy wire, that can be ip to 50 ft in length. A 50 ft length of
wire can be divided into 8 mechanical zones by coding cut into the wire. Each mechanical zone can be
further divided, at tile control unit, to provide a spa-ial resolution of 6 in. The wire currently is restricted to

minimun bend radius of 1.2 in. The wire is practically immune to contamination. Support is provided by

bushings of composite construction in a quick-release clamp. This clamp/bushing assembly is currently

used at Boeing to support the "firewire" used in various areas of the airplane (APU duct, engine).

The transceiver attaches to the sensor wire, energizes the wire with a broadband ultrasonic pulse, and
receives the returning signal. The transceiver relays the signal to the control unit where data processing and
system evaluatiom take place. The transceiver, as currently d,-igned, is 1 in diameter by 3 in long and
weighs about 0.25 11.

"ie control unit is a p(, A 'erful digital signal processing unit that controls and monitors system operation.

The control unit has the capability to divide the mechanical zones electronically into finer zones. This
allows "'hot spots' to be more precisely located. The control unit allows each zone to be programmed for
an individu, al threslhold temperature at which to initiate an alarm. This system provid, the capability for
continuous trend monitoring and data storage.

The Schlumberger acoustic thermal monitoring system has been tested by the propulsion research and
development group at Boeing for use as the engine fire/overheat detector, The preliminary assessment is
favorable for a high-vibration environment. The initial drawback was that the sensor had to be one continu-
ous wire. This problem was solved by Schlumberger, with the development of an acoustic coupling that
would provide for breaks in the wire. The environments that the sensor would be exposed to in the ACES
Concept B would be less harsh than the environment it was subjected to by the propulsion testing.

6.3 LOCATIONS MONITORED

All of the areas inonitored in the Concept A system are also included for monitoring in Concept B. Thermai
monitoring will be used to detect hot spots in the cargo compartment, main deck attic, and the cheek areas
in the lower lobe. Monitoring the cheek area extends fire detection capability to a large hidden area located
behind the cargo liners.

6.3.1 Cargo Compartments

The Forward and aft cargo compartments will be monitored for both smoke and thermal events. This system
incorporates all the sensor capabilities of Concept A (photoelectric sensors) with the enhancement of an
acoustic therutal detector system. These two methods are discussed as follows:

6.3.1.1 Smoke Detectors

The smoke detectors to be used in the cargo compartment are manufactured by Fike; their operating
principles wer, discussed in Section 6.2.2. The like detectors will be substituted for the Gamewell detectors
identified for use in Concept A. This detector will also require a recessed housing to hold the sensor and its
base above the cargo ceiling liner. A protective grill, of sufficient durability, will protect the sensor from the
rough physical environment of the cargo compartment. The detectors will be mounted in pairs and linked
with "and" logic, necessitating both sensors to "see" smoke to initiate an alarm.

6.3.1.2 Thermal Detectors

Either of the theriml detectors described in Section 6.2.3 are to be used in Concept B. Each cargo compart-
mnent will have a wvire fiber serpentine down the compartment, mounted behind the ceiling panels. The
acoustic svstcim hs the advantage of rugged construction, while the fiber-optic system would be easier to
r('ute in confined areas due to its flexibility.

As mentioned rreviouslv, the thermal system can b" used as a primary alarm only if the temperature
gradients the system can distinguish is of fine enough definition. That is, the wire must be able to detect
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small clianges in temiperature to be eltective, A methodology to incorporate changes in the outside ambient
temperature mu1LSt also be determined as~ temper)ature transit.-, -an be large, i.e., changing from a cruise
altitude tcemperature' to 3 ruwtmlperatureC.

6.3.2 lava.torv

No onte oer the Concezpt A- ionization deItectors located~ in the ceiling and Under the counter are
proposed, Sectionl 5_1.2.

6.3.3 F1(!cctr( ific Eq iprnient Bay
Concept 13 incorporaes thc curre2nt 757, baseline dletection system in the E/E bay without change. This

vstmIS di,,CLssedt in Sectionl i33

6. 3 -1 Attic Area

Smoke; tiie sensors in the mnain deck overhead area will be the Fike analog detectors, discu~ssed in
Section 6.2.2. The installationi of the six Fike! detectors will be similar to the Gamlewell detectors, Used in
C;once'pt A, that they will replace. This area will be thermally monitored by either a fibcr-optic or an
acoustic sy'steml. In the eraniped area of the attic, the flexibility of fiber optic would have installation

arivatag0 over the act.OiSc.

6.3.5 Air-COnrliti( )ingf Pack Ductjs

The use" of the Gwaliatic lighlt attenuation photoelectric duct detector system will remain the same as
defincd in Concept A, Sci. lions 5.2.2 and 5.3.5.

6.3.6 G'allev Ceilin(,

No chiange2s from the: Concept A ionization detectors located in the ceiling in -..ch of the three galleys;
these scuMf ,s wkIll he interifaced- with both the cabin attendants panel and the fligh, deck. This systemn is

more fully defined- in Section 5.3.6.

6. 3.77 Lowecr loxChecks

The: lowe. r l)oe cheeok areai rims the lenigth of the airplane, except for the wing center section. between the
cairgo lint.r and. si Tal.~his (.an be seen schematically in Appendix B. This is a large constrained area
thin mel, which in wii ire ud- h y~~2'%draulic Ilies, air ducts, and contains a myriad -,f motors, valves, and

~wth..At thi, time, he)( lowver lobe cheek area has no smoke/fire detection system. It is recommended
th at k r 'netB. a thcrmiul 111o)ntoriniA( systo in, :ts detailed in Sections 6.2.3.1 and 6.2.3.2, be installed to

P',ietlicl Lii illonlit(ling.

6. 3.8 CA;mtnhi Frciuhtcr Aircraft Considerations

RegulalTions o vrnn Class B cargo compartmients (compartments with inflight access, i snioke/fire
detct-ti in syvsteil n.ll a n lhgreatr than 200 cubhic fe) have recently changed. The new rule: imipacts Combi

ci tii idirri-,lt. thalt c arry p~m'i.genirs and cargo ron the mnain dleck. The new rule offers three methods

ai i rventhi: , i Alv 1 B o 0igocopartment to a modified Class C compartment.

h)I sc fl~i penetratein cresstant containers for all cargo in the compartment, have a1 smoke
It (((I(II',%, ( Ii In Iv c Im I~ a L [i It -inl fir sri SUI)press io n systemin.

.,\ n a Itcrnlulive h'sg ( approived by the FAA) that provides a level of safety equivalent to thle
r \o i) ( )I! i n .
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6,3.8.1 lPcllewv Engineering Approach

A SouLth African company, Pellew Engineering (Reference 20), ofters a unique approach to the sensing and
cxtinguishing of fires which may occur in cargo freight containers and/or covered pallets. The system is
made up of four major elements: the sensor, the connecting hardware, a data processing unit, and a fire
suppressant •pply.

A quick disc rincct fitting is attached to the container/pallet. The container is then continuously monitorcd
for CO hy the sensor that is integral to the fitting. The computer comparies the CO signal received with a
preset alarm level. Should the CO concentration exceed the preset level, a warning is generated and the
flight deck is notified via the Master Warning/Caution System. The flight deck can either reset the threshold
and.retest or comimand the discharge of a suppressant, Such is halon, into the container. The discharge
c( Mn1li.1and wouMh serve to open a valve so that only the alarmed container would I)c flooded with halon.
Thc svst(iin is shown in Figure (-5.

To Halon supply

Solenoid valve
Wiring to processor normally held closed

when system healthy

Quick connect
incorporating //
miniaturized co-monitor

Container

Figure 6-5. Pellew Combi/Freigbter Smoke Detection System.

S38.2 f)ptical
)[I( It svss rtquire a ine of sight bctween the sensor and the fire event for detection to occur although

v eak signals an be dtIected from reflected light and heat. This requirement is not practical for the variable
-clinctrv present in mw st aieas of the airplane. lowever, this restriction is not as demanding in the high-
Ciling ,rca of the main deck caigo compartment of the 77 Combi or Freighter configured aircraft. An

ptical detector, made by I fTL of California (Reference 21), was subnitted for consideration for use in this
tini(tIe comflpartnment. The system is designed to look clown onto the top of cargo containers pallets, with
redundlant. (vcrlapping view being provided by the use of multiple sensors.
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The detector is a thermal imaging module (TIM), Figure 6-6, that has three detection thresholds, each of

which is able to generate a fire signal. The three detection methods are as follows:

a) Primaty detection is provided by an infrared optical overheat device

b) Secondary detection warns of presence of flame signature (infrared radiation)

c) Tertiary output indicates that the sensor body has exceeded 85*C (185'F)

Approximately 3.0"

i Field of view - 1500 solid cone

Approximately 4.0" -- ----- ------ - .

HTL thermal imaging module

Figure 6-6 Combi/Freighter Main Deck Cargo Bay Fire Protection System.

The optical componient of the sensor is designed to rotate at a few revolutions per minute, providing
hemispheric coverage over a 24-ft diameter field of view in an empty 747 main deck cargo bay. The
detector wavelength was selected to be blind to solar radiation yet retain a high sensitivity to hot body and
flame signatures. The sensitivity of the system is 1-ft diameter at 400'F at 17 ft for overheat resolution and a
5-in pan fire at 17-ft for the flame sensor.

Each TIM will be connected to a control module where system fault detection, location logic and alarm
signal generation logic will be contained. Each of the sensors has a unique address allowing the event to be
identitied, as occurring a given pallet/container location.

6.4 SYSTEM REOUIREMENTS

The system re(luirements ftor Concept B are the same as for the baseline aircraft and are discussed in
Section 3.4.
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The Fike analog photoelectric smoke detector and both of the thermal monitoring systems will require
repackaging to meet standards imposed on flight-quality hardware. Certification to FAA standards is
necessary prior to installation in commercial airplane service.

6..1 False Alarm Protection

Concept B expands on the false alarm protection outlined in Section 5.4. 1 for Concept A. The replacement
of the Ganewell consecutive pulse photoelectric with the Fike analog photoelectric detector provides an
expanded format Iy which to analyze and display data. The ability to monitor the change in smoke density
can be used, with suitable system logic, to further decrease the occurrence of false alarms. With continu-
ous,. step function (analog) data available, numerous criteria could be formulated for generating an alarm.
I low best to use the data available from the sensor can only be known through a testing program, but
scenarios can be developed to demonstrate this feature. The analog data could be monitored such that an
alarm Wuld not bc generated unless the smoke density exceeded a nominal confidence range for a certain
tillL or number of signals over a given period of time. A time delay could also be built into the systc so
that the initial dcetection of an alarm level of smoke would he rechecked after a time period to confirm the
continued presence of smoke before generating an alarm. The Fike system also allows each sensor to he
tailorcd for its location and environment, further reducing the potential for false alarms.

Tl'hemlal monitoring has potential to provide another parameter by which to reduce false alarms. If a
thermaul svstenl can I e shown to be sensitive enough, two parameters, smoke and heat, could he coiln-
bincd as the critcria in generating an alarm. This would be practical only upon rigorous testing of the
proposed thermal systems. As previously discussed, large amounts of heat are not generated until the
latter, third stage of a fire, Section 4.2; therefore, a thermal system would be required to detect small,
loca lizcd changes in temperature to be useful as a supporting parameter for the generation of an alarm.

6.-. 2 Wiring

The system wiring is required to be reliable, fu, nctionally effective and maintainable. The present standard

practicC', for WirC bundle desmign, fabrication, and installation would support the Concept B system.

6., 1.3 System Failure Analysis

A rclquirceinelt Of (oincept [3 is that system reliability he equal to or hetter than the current systemn.
fScctiin 3.+3). Such an analysis cannot be performed, with any degree of confidence, until the actual flight

qulility dctcctor c u be tested (in an accelerated manner) for life cycle mean time between failure (MTIF).
Rcl'nmdant c:>ign teclniqtues will provide highly reliable systems with minimum impact on dispatch

cns,(mir Output is di,,cu scd in Section 3.m.i. With a new computer, the ARINC .129 catabus will he updated
tI ' 1 )ATA( 6f29.

().I.q l Butiilt-1n Tel'st

1I11 Ilinctiins MCr discussCd in Section 5.'it.5.

0.5 FLIGHT DECK DESIGN

'I he limsi ACES design ncoiporatcd into Concept A was useCd as the basis for the design for Concept 13.
This apprOach was selected as being more efficient, cost-effective, and resulting in a more highly devel-

pc . sys.tem in Concept lB than wocilcl have been possible with two c(iLally-competing concepts. From the
Ihxisclillc flight design incorporating the electronic checklist and cabin attendant panel. Concept B enhance-
inents ere (,I,(ddcd. incItiding an inflight diversion planner and a synoptic display capability. Additional
'nhinciment' have bedn iade to the basic crew alerting system.
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6.5.1 Alerting System Enhancements for Concept B

In addition to the basic alerting system configuration used in Concept A, two enhancements have been
included in Concept ii. The first is the addition of voice messages for all smoke/fire alerts on the flight
deck. These voice messages will mirror the messages on the alert display, providing dual-channel message
pfresentation. The voice message for an alert are activated by the crewmember when the Master Warning/
Caution switch-indicator is depressed.

A second enhancement is a minor change to the alert display in which advisories will be represented in
cyan in.stead of amber, and not indented (on the current 757-200 EICAS display, message titles for adviso-
rie.s are displayed in amber characters, with the line indented one space to differentiate them from caution
level micssagcs, al.so coded in amber).

6. 2 Electronic Checklist and Cabin Attendant Panel

Although a number of the smoke/fire alerts for either Concept A or B may be of the same criticality level
(the majority are warnings), many may have slightly different priority levels as to how urgent the situation
is. Based upon information received from the sensors and processed by an "intelligent" (rule-based) logic
set, each alert can be assigned a priority-level index. This priority index can then be used by the expert
system to customize the crew response checklist to obtain the best sequence of actions needed to resolve
the alert. In various flight phases or conditions, such as below 500 ft on approach for example, the priority
ndex would inhibit the alert from being initiated until this more critical flight segment was accomplished.

11he cabin attendant panel for Concept B is identical to that used for Concept A. No variations in either
design or function are rccommended for Concept B.

6.5.3 Inflight Diversion Planner

\Vhen a seri()ts smoke fire event occurs when airborne, the proper crew procedures include diverting the
aiicraft to tle nearest suitable airport. Although much of the information needed to make the decision as to
which airport to divert to is contained in the Flight Management Computer (FMC) database, it is not neces-
sarily 1n the be!st f."t !iat for making a quick, informed decision. At this critical time, access to the informa-
tion nIay bc timc-consuming, and crew workload may be impacted by the amount and diversity of the

:( I-. pt B. a display formalt and associated softwrare was developed to provide expert system informa-
tl WI 11i tie ic,lc- Ior 'bcst) availablc airport, in the event a decision is made to divert. The initial display
pao: f) this intliglit diversion planner is shown in Figure 6-7.
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REPLAN-FIRE EMERGENCY

AIRPORT

R UTE

o+-  IETI

Figure 6-7. Inflight Diversion Planner Display Format.

6.5.3.1 Intlight Diversion Planner Functions

The inflight diversion planner function includes estimates of time en route (ETE) to alternate airports, a
runwav analysis of the available (within range) airports, weather, rescue, and fire fighting facilities that
n1i,ght influence selection of an alternate landing site. The inflight diversion planner display would utili/e
information currently available in the 757-200 navigation database, but would require additional information
on airp)rt facilities.

The initial (Ii.pllv format provides the results of the expert system analysis, with a rank-order presentation
of the rconimicnded airports that the pilot might divert to, i.e., "PPG", :NAN", and "JON" are, in order, the
most attiractive alternates, according to the expert system analysis. The airport listed last, "PLA" is the fourth
best alternate, but is not recommended, as noted by the different shading used on this airport box.

ThrcI levels of coding are used to differentiate the "goodness" of the various alternates: a) a filled green
(whitC in a)ovC figure) box indicates the highest rating; b) a box divided diagonally .ith one half green
und the other half blue ( shaded in above figure) represents a middle rating, and c) an all-blue (shaded) box
designates the hwv)est recommended rating. An non-recommended alternate is shown with an amber-filled
(black) box.

This same coding scheme is utilized in boxes at the intersections of the airports and the rating factors listed
across the top of the display- Thus the pilot can see at a glance how each alternate airport rated on the four
factors considered hy the expert system. These four faictorq may each have been assigned different "weights
of importance" in the initial setup of the expert system rule-based logic. They are listed, from left to right,
in order of this weighting factor, e.g., EEIT was given the highest priority of the four factors in the fire
emnergcncy scenario.
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This analysis process,,-, uses tile design of a Boeing developed NEXPERT OBJECT expert system shell which
coded the rules, hosted the expert knowledge database, and derived the decision-aiding features of the
irnflight diversion planner. In this Boeing project, an inflight fire scenario was used to develop the rule-
based analyis of the rclevant factors and to develop the subsequent recommendation of the most suitable
alternate airport.

6.5.3. 2 Ilnfliolit I )ivcrsion Planner Operation

Once thc flight deck crew completes the checklist for a particular smoke or fire alert, they would normally
select the intlight diveisioim planner formiat. This ftnctional display can be accessed from a menu item on
the l)ttomi uf the checklist -)pafe. The crew woLld then evaluate the recommendations of the expert system
and select an lternatc airport accordingly. If the pilot is unsure about the expert system's recommendation
and dcsirts addltional stupportivc information, he 'she would be able to exercise additional options of the
inflitht divt.rsiol pla1ner eXl)ert system by selecting expanded information on any one of the parameters
uscd in tile process of alternative airport selection. Available information for each airport would include
details of the Cva luations of either: a) estimated time en route; b) weather; c) runway suitability; or d) fire
and rescue facilitics at each airport. Figure 0-8 shows the display format for weather information that would
lic selected by clicking" on the -WEATHER" box on the first page (Figure 6-7) of the inflight diversion
plaInner. The pit t could also select expanded information on any single airport (which would include
exIpnIded in6frlMth10n oil all four factors), or select information on a non-recommended airport if it is closer
th1an1 tilt., display'd lirpirts. The cev can also (iel, the expert system as to why it made the airport
-Clt-ct)s It did. Finally, the crew could request a Slnmary of parameter information on the set of recom-
metndled a itp( rts:

REPLAN-FIRE EMERGENCY

WEATHER INFORMATION

REPORTED FORECAST
CEIL VIS ISSUED CEIL VIS ISSUED FOR
(FT) (SM) (Z) (FT) (SM) (Z) (Z)

PPG 2000 3 1300 2500 5 1300 1400

NAN 1000 2 1300 800 1 1300 1500

JON 1000 3 1300 1200 2 1300 1600

[RETURN , UWYIFCT UR

Figure 6-8. Inflight Diversion Planner Format

for Weather Information.

\Vtitniic I)il() I li-i citctcd ilhe tcsircd alternate airport and reprogrammed the airplanes route, he/she
itii li uri I h tilt, e ni I tl displ.iy format to review the latest status of tile smoke/fire event.
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6.5.4 Synoptic Display Format

As an additional system enhancement under Concept B, the pilot will be able to access synoptic displays
for feedback and situational awareness of the progress of the smoke/fire event. Two types of synoptic
display pages are available: a) one showing the location and status of each of the ACES system detectors;
and b) one showing the signal history of a particular (selected) detector. Both of these are accessible
through a menu system on the display. These formats are shown in Figures 6-9 and 6-10, respectively.

LAVATORY 1 LAVATORY
DETI DET2 DET3 DETI DET2 DET3

fF-i
FWD CARGO AFT CARGO

DETi1 DET 2 IDETi1 DET 2

Figure 6-9. Synoptic Display Layout for Concept A

SMOKE HEAT
I I

OBSCURATION

AFT CARGO /900
HEAT VS TIME -

SMOKE VS TIME
HEAVY 700

I 5/

/ 30c

ODOR 100

Figure 6-10 Synoptic Display - Sensor Signatures.
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The first Of these is a synoptic which identifies the locations of all the detectors and their status. If an alert
has been triggered, the involved detector is highlighted on the synoptic by an associated box appearing to
show the nature of the alert. The type of detector triggered is shown by a graphic representation, with the
urgency of the alert shown in color.

The second di,,play format can he called up from the first synoptic page by "clicking" on the indicated
detector. This will bring up a synoptic with information such as that shown in Figure 6-10. A time history of
the detector's status (level of smoke, temperature, etc.) would be displayed that provides trend information
on the smoke, fire event. Currently, there are no firm data on what format should be used to display this
inforimatio)n.

One point that should be emphasized is that at no time is it being advocated that the flight crew conduct
detailed analysis of these event signatures but rather, presented with whatever information can assist them
in reaching a q(uick, appropriate decision, their primary objective and response is still to land the
aircraft as soon as is safely possible.

6,5.5 Data Management

For Concept B, the goal will be to accommodate the marked increase in fire/smoke sensor information and
data nmainage iilent requirements. with computing hardware configurations currently being studied for
.application to future Boeing derivative aircraft. These configurations involve enhanced capabilities in areas
such as increased processing speeds, bidirectional I/O (DATAC) bus designs, integrated (multitask) func-
tionalit expanded memory for processing and data storage, and software optimization schemes (increased
ue of .Ada, enhanced or relational databases, parallel processing designs, etc.).

Of spccial importance to System B will be the capability to process, in real time, any rule-based, and/or
o)becct-,)riented expert system modules.

\\ith the limit heing reached on the number/arrangement of displays that can be accommodated in the
current ICAS computcr, the ACES design proposes a display suite configuration for Concept B that would
be consistent with the realistic restraints and capabilities of a next-derivative or near-future computer
svstii"lh. iS incr.i.ed size, with increased multifunctional capabilities and formatting options, will provide
the nceded additi mal disula % capabilities to support the more sophisticated design of Concept B, as well as
thlt M ( mccpt V

00C.UAV PROCEI)l TRES

[h1e_. ( (,ikcpt b ACI> sstem has been expanded to monitor areas not included in the Concept A system,
thlcs hemn, therm.il mnitoring ()f the main deck attic, cargo compartments, and the lower lobe cheek
.iiea lhm ucre-.ise in iii(mitormng caipabilitv w ould require changes in crew procedures and training.

>ii,,kc tirc alerts Ir the cargo compartment. E E bay, air conditioning, lavatory, galley and attic are
% 1ieed a i la l ,tsamc basic procedures for both the flight deck and cabin attendants as discussed in
'c-tmn , 0. ihngcs to the flight deck procedures would be made to reflect the capabilities of both the
mntliglt dicrslon planncr and the synoptic display. The viewing of sensor data via the synoptic display will
hc availalelto tI mc flight deck f It'I,- nit (Ito monitor the situation is deemed necessary. The work load on
mhl. lilht deco-k during4 an mnflight fire emergency may preclude the use of the synoptic display.

rm t cdjmrs (,n the liglt deck for overheat alerts from the thermal monitoring system (located in the cargo
lilpirtimcnts. mainl deck attic area, and the lower lobe cheek area), can only be developed when the full

Ca(pability of the rhcrmial system is tested and better known. It is possible, however, to speculate that
thcrnmal alurts ouMd trigger the same response as would be accorded a smoke alert. That is, an abnormal
thermal prifile in tIe cargo compartment would result in the electronic checklist displaying the procedures
t(, dis chargc the fire suppressant and then to make use of the inflight diversion planner to identify the
nearust a ailable irport for landing. The procedure for an alert originating from the lower lobe cheek area
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would be displayed via tie electronic checklist, this may include the shedding of non-essential electrical
loads, shut down of recirculation fans, configuring packs to high flow and tile use of the inflight diversion
planner.

Consideration xvas given in Concept B to reducing the work load on the flight deck through the automation
of some of the crew functions, such as, electronic load shedding, control of recirculation fans, air-condition-
ing pack flow control, and the activation and discharging of the fire suppressant systems. While such
automation is certainly possible, it runs counter to the philosophy of keeping the pilot "in-the-loop", that is
the flight deck crew should initiate, if only by pressing a button, commands that shuts down and/or results
in system reconfiguration. This )hilosophy was re-enforced by conversations with flight deck personnel
who made it clear that configuration control of the airplane, especially in emergcncy situations, should
reside with the person responsible for landing the airplane.

Co(ordi natcd training which includes both flight deck and cabin personnel would greatly enhance effective-
nC.ss of the Concept B system. An estimate of the resources and timei that woild be needed to adequately
train the crew to IhUest use the Concept B ACES system is not, at this time, known with any degree of
c( nfidclice.

6.7 SYSTEM INSTALLATION COST

Concepts A and B installation costs were developed using standard Boeing price/cost estimating methods
for dcvcloping modcl change costs. This procedure involved generating a work statement sufficiently
defined and detailed that would pr(oivide the vehicle by which the various functional organizations, such as
Ma nufacturing. Engineering. and Flight Test, estimate their respective nonrecurring and recurring costs.

Each of the conccpts \wjs treated as a model change for "and on" aircraft, that is. for pricing purposes. the
concept iiplCnilcntttion xvould start at a particular line position and would continue thereafter. For cost
p[rp< sCS, an assum[)[ion was made that the model changes would occur over a production run of 200
airplanes, involving IS customer configurations. The number of customer changes is based on the actual
nunber f cutoltmer-s fr the 7)7-200 to date. Each of these customers has requirements that are uniq(ue to
their aircraft, therefore requiring estimates for each configuration. In some instances, such as occur with the
flight d'ck. a chnge niade for one airplane applies to all. Changes which affect the Flight Management
Syst-ln. such Is the svstcnl software, are extremely expensive and because the software is embedded, a
new.\v set o)f "ba. k' hoxcs and part numbers Must be generated. Table 5-2 presents the production cost
estimi ates. ft cr Concept 13.

(7. 1 (tipI iuMnnt Subsystem Cost hIpact

Ie c t ,tf each cf thc ACES co ncept components, sensors, and detectors, was collected from each of the
miunit.( U-mCirs r sMpplers, l'r duction quantities of the components wvas, in some cases estimated, with the
,stinitCs Iised mn currenl pi.OculrCIlCnt of comparable hardware. For example, in Concept B where new
to lm Ic>o' : th mernul ctcticon s'stcnis are proposed, the manufacturers current cost for commercial systems
\'xs uk'ed with tle undcr.standing that repackaging these systems to comply with airborne standards and
ret el~ialitv may drive th c )st higher. In that regard, if the systel procurement costs were to be tvice the
stii' i~l teu cd il tecst analysi, the recurring procurement cost Would be obviously higher hut tlhe effect

,)I ie th itl. pre spread e()\r time (airplanes) would not be as significant as the amount of labor required
t ir the initial emigineeri ng and stibsequnt recurrng labor.

07.2 Installation (ost Impact

The hnlplmcntitiin cwst f r (;ncelpt B w:s estimated for two systems: one estimate utilizing the York fiber
optic temperattlkr sensing systen, and the other utilizing the Schlumberger aco ustic wire temperature
M!1sm.ing ,vstcmll The reason for t-\'o estimates i,, that a relative figure of merit of either systen is not avail-
able as Is ith arc ncv technology applications. The average cost for implementing the York or Schlumberger
system [(r 200 Current production airplanes is S 190,150 and $189,150. respectively. The detailed cost
h)re.akdo( wn [ir (CIn( c-pt B c cmipi icnts is listed in Table 6-1
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CONCEPT PERFORMANCE EVALUATIONS

It was originally proposed to conduct comparative evaluations of the two ACES concepts to determine the
relative performance merits of them. However, instead of developing two competitive concepts, a more
cost-effective approach was taken in which Concept B includes all features and developments of Concept
A, as wc!l as incorporating several of its on performance enhancements. Thus, Concept B would natrally
he expected to outperform Conccpt A in any direct comparison. It was therefore determined that a direct
comparison, on the basis of performance, would not be a very meaningful measure.

While the ACES concepts ,;'l save time in the correct performance of crew/attendant procedures in re-
sponse to, i smoke or fire eve.nt, the m'ior and significant benefits of the ACES concepts lie in their ability
to dctcct ,mokcf. ire events carii-r, prevent errors in procedures, an'1 to prevent non-productive (wasted)
timc in the --cision-making segments of the response sequence. In order to objectively measure the
!)cnetits of the ACES i-oncepts over thl baseline configuration, a test would have to be devised in which the
crew ade a significant number of errors, and consumed in ordinate amounts of time in responding to
smoke fire events under the baseline condition. Any such test would be extremely artificial, and perhaps
impossile to control or mcasuLeC adequately.

Thercforc, [lic approach taken for this contract phase was to reanalyze each of the scenarios described in
thc l)unlap report tk-efcrcnce 1), to indicate where, and in what way, the two ACES concepts would
contrilute to a more cxpedient, error-free crew and attendant response sequence to these events. It was felt
that it wotll beross spcCUlatio1, however, to try to attach numbers to time savings, or to the reduction of
crron-s in rcgards to the benefits of the ACES concepts. Extensive simulator evaluations could provide data
onIl the. actual tinclincss that could be expected with the two concepts inder perfect, or near perfect
co'hiti is o~f k-rcw performance. These data could be used to validate the appropriateness of the applica-
tion ot thcC concepts to this area of alerting. Reliable conclusions concerning the major potential benefits
4if the t\vii cincepts will probally be better determined from subjective evaluation of past and potential,
,,mok and fire ,ccnarios, and the anticipated chain of events that might be seen under the two concepts
:nid the n n-A('S baseilnC configuration.

-. I LWNLAP SCENARIO EVALUATIONS

1. 1 ScnLaruio( No. I

TIus ,cenirl) inlvl', o', l widebody three-engine jet airplane with a three-person flight deck crew. A fire
tart'd inl the ;ill c-argo compartment and was detected approximately fifteen minutes later. The flight crew

ci o,, to cick the sioke dttection system from the flight deck as well as send the flight deck engineer
to ifl\ ktingatc thc incidClent. "'hcre wa. additional confusion and delay in correctly locating the correct
1io cdirc. inl the flight manual. The confusion in locating the proper procedure was due to the needed
pro. edur bein:.: I icited in the "Emergencies" section of the manual rather the "Abnormal Procedures". The
crew,\\ inil, tit d1 ICturn t() ai'port turn around four minutes after detection, landing about twenty-three
liltiUti' A.t er det)ctio ,r tiirty-cight minutes after the start of the fire. The fire continued to burn within
Sic i ,iiipairti eT'nIV iCplilg the rest of the airplane in smoke, finally totally consuming the entire interior.
I hitit. ec no lo, rlvor r ceVn though the airplane was landed and stopped at the airport.

-. 1. 1. 1 - ,- lislinc Airplane

-lie piaiiili dirfceurc etween the -- baseline airplane and the aircraft in this scenario is that the
iiliiCtc ,miicraiit is dcesigned with Class C cargo conmpartments, equipped with "and" linked photoelectric

si)like. dcetctors, and a hialon fire suppression system. One other significant difference is there is no flight
c('ngiiie" in tlle .iseiine aircraft, only a two-man flight crew.

In ,I (a" i(ollrpllincit smoke.'fire alert, the smoke detectors would sense the smoke and provide an alert
warnin~ t the flig t deck. The flight crew would, as in the scenario, interrogate the detection system
ihr it,,i tie flight deck test panel and consult the flight manual to confirm abnormal or emergency proce-
dimrc., pri- ti iii ating cnergency ICasures. The crew would then respond by discharging the No. 1 fire
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suppression bottle, flooding the compartment with halon, maintaining a sufficient concentration to suppress
a fire for approximately 80 minutes. The suppression system should provide sufficient time to reach an
airport and allow an evacuation of the airplane. The baseline system will minimize the potential for fatali-
ties, althoIugl injuMries asociatcd with an emergency evacuation are assumed to occur.

7.1.1.2 Concept A

Concept A incorporates two multi-pulsed, "and" linked photoelectric smoke detectors in the cargo compart-
ments and the electronic checklist on the flight deck that will display the emergency procedures for an aft
cargo co)mpartment fire alert.

The improved sy stem reliability achieved by integration of the multi-pulsed smoke detector will increase
the flight clew confidence in the alerting system, by reducing the potential for false alarms. This increased
confidence, coupled with the electronic checklist, should result in an immediate activation of the aft cargo
compartncnt firc prk)ocCduICs, providing several minutes of additional time for diverting to an alternate
airport. t'pon landing, normal eimergency evacuation procedures would be initiated.

'inle saved in landing the aircraft safely results from:

a) Increased confidence in the detection system, thus eliminating time spent rechecking the
system and revivifying sensor alerts;

h) Automatic display of the emergency procedures eliminates the time required to search for the
PI P'r P edilrc.

7'.1. 1.3 C{onccpt B

'Fhe Concpt B ai-plane has the detection capability of Concept A detection system but incorporates dual
and" linked analog sm-ioke_ detectors and a thermal detection in the cargo compartment. The flight deck

capabilities are ,ignificantly increased with the addition of an inflight diversion planner and synoptic
display.

'he scenario respo(nsC for C(onlccpt B would be similar to that of Concept A. The flight deck will realize
additiolal confidCnce in the syVstCm due to the added reliability of analog output detection devices that
reduce the p)tCltial for false alarms associated with discrete output detectors. Implementation of the
clcctronic checklist will as'ure the completion of the correct cargo fire procedures. The inflight diversion

plann'r will he L.s, 'd to confirm that landing at an alternate airport is the most expedient option for the
flight crew. Additional information will be provided on the selected airports, weather, runway, field condi-

in ] ad ci 'r..c " capabilities.

The tIici iial and :mt ike environment of the aft cargo compartment could be monitored on the flight deck
using tlie svn loptic display sh{ould sufficient time be available. Monitoring would be of value for early
dctcctii Omi f p{IO.ssiblc rc-ignition and the decision to discharge halon bottle No. 2. Early discharge is un-
likely, hut a dalmagcd cargo liner may not contain the halon at suppressions levels for the full 80 minutes.
1p in landing. if the caIrgo , c(mplartnlent temperature monitor indicated the lack of a hazard, al emergency

e\ actiattiiin could be performcd in a orderlv/controllcd manner, or even avoided altogether, reducing the
p{icntial for iniuics to passengers and crew.

'ime saN cI ill Linding tile aircraft safely results from:

a Increased capabilities of the detection system;

h) Antum:iMtc display ot the proper emergency procedures;

c nliluIi. ivir, in planner in 1i cating the nearest suitable airport:

d) .\lMit}ring co nditins with synoptic display capability.
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7.1.2 Scenario No. 2

This scenario involves a narrow-body, two-engine jet airplane with a two-person flight deck crew. A fire
started in the area of the aft lavatory and spread behind the interior panels (an area not covered by detec-
tors or accessible for extinguishing). The fire was detected approximately nineteen minutes after ignition
and the airplane diverted eight minutes after detection. Fire fighting started soon after detection, but had
little effect. The airplane landed twer, two minutes after the fire was detected and an evacuation was
started immediately. Flashover, as a result of excessive heat buildup, consumed the cabin before everyone
was evacuated.

7.1.2.1 757 Baseline Airplane

The 757 baseline airplane is different from the scenario airplane in that it is equipped with lavatory smoke
detectors, flush motor overheat protection, interiors incorporating stringent flammability materials, and
lavatory trash bins that have auto-discharge halon extinguishe;.. Additionally, as a result of several lavatory
smoke/fire incidents, crew duties are now more clearly defined for this type of emergency.

The first indication of an electrical problem would be tripping of circuit breakers, followed by the lavatory
smoke detectors sounding as the smoke entered the lavatory. This system might possibly provide a fire
warning about ten minutes before smoke would be noticed outside the lavatory. The cabin crew would
initiate fire fighting procedures and provide the flight deck with an assessment. The flight deck would not
be aware of the incident until communications, via the handset, was established by the cabin attendants
(757 procedures require both pilots remain in the flight deck during an emergency). The flight deck would
then initiat emergency procedures and begin diversion to the nearest airport. Air Traffic Control would be
informed and a diversion started approximately eighteen to twenty minutes sooner than in the scenario.
Upon !anding, an emergency evacuation would be carried out. More efficient cabin floor proximity would
facilitate evacuation in a smoke filled cabin. The potential for an increased number of survivors would be
greatly enhanced.

7.1.2.2 Concept A

Concept A provides for a smoke detector in the lavatory amenities cabinet in addition to those already in
the lavatory. The detectors provide warning to the flight deck and the three cabin attendant panels via the
aircraft avionics bus.

The smoke detector in the amenities cabinet would alarm first, initiating a warning that is displayed at the
cabin attendant panels and on the flight deck. The warning would occur sooner as the cabinet detector is
lhcated closer to the fire source. The cabin crew would respond to the alert by pushing the alert button on
the cabin attendants panel and assessing the alert. The alert button informs the flight deck, non-verbally,
tlit the incident is being investigated. The cabin attendants would inform the flight deck, via the handset,
on the conditions and the procedures being deployed to manage the situation.

The cockpit would be immediately aware of the incident as the lavatory deiectors are linked to the flight
deck. The electronic checklist would be displayed, automatically with the triggering of the alarm, providing
the flight crew with the procedures for the incident. This list would include the removal of electrical power
to the effective lavatory, divert to nearest airport, and the smoke evacuation procedures to be undertaken if
conditions warrant. Communicated with the cabin attendants would first be non-verbally and then by the
hand-set. Once on the ground, an emergency evacuation would be initiated with the aid of the proximity
floor lighting.

Time saved in landing the aircraft safely results from:

a) The additional lavatory smoke detector located under the amenities counter;

b) Flight deck alert displays linked to the lavatory smoke detectors;
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() Reliable non-vcrbal comnlications between flight deck and cabin attendants;

d) Automatic display of the emergency procedures.

7.1.2.3 Concept B

The Concept B airplane incorporates all the capabilities of Concept A with the addition of thermal detection
in the cabin ceiling and an inflight diversion planner on the flight deck.

The scenario would progrvss as it did for the Concept A system. The thermal detection feature of
Concept B would, most likely, not contribute to the initial detection. The inflight diversion planner would
enablc a faster decision in selecting a suitalble airport with a reduction in crew workload. The planner
provides information on landing field lengths, emergency services, and weather conditions. As conditions
stabilized and the flight crew workload lessens the flight deck may choose to use the synoptic display to
monitor the thermal conditions in the airplane, for information regarding any possible spreading of the fire.
Upon landing, an emergency evacuation would be initiated. All passengers :tcl crew members should
50l ry IC.

ime SaVCd in landing the aircraft safely results fiOmn:

a) Additional lavatory smoke detector located under the amenities counter:

ht Iligit deck alerts linked to the lavatory smoke detectors:

c) Improved non-verbal communications between flight deck and cabin attendants;

d l' lcctronic checklist for automatic display of emergency procedures

c) Infligbht , version planner for alternative airport selection;

f) Thernal momitoring capability using the synoptic display.

- 1.3 Scenario No. 3

This sccnr1umo involves a wid-bodv four-engine jet with a tvo-person flight deck crew and ten member
cabin crew. l)Imring the flight a fire varning in the aft cargo compartment sounded. Further investigation
lead to time c(M ilusion that the alarm was false. When the same alarm sounded a second time, emer-encv
proccdures vcmcI implemented. The fire extinguisher was discharged into the cargo compartment, the crew
dlmilcd oxvgn, and imlplementcd smoke evacuation procedlues (there was no smoke in the flight deck or
cabin . !'a(aWm.c l n emrclency flight departure was requested and approval for diversion was received.
I pn ltill iU" emnrgemicy ,vacuation procedures were conducted, resulting in mi-or injuries to some of the
p:mssIII"(m, F. lnvcstigation of the aircraft revealed that a smoke detector had malfunctioned because of a
Cone)t ) ri-muling.

7.1.3.1 BIasclinc 77 Airplane

[he current --- airplane l;is Class C cargo compartments, with dual smoke detectors and halon fire
s>ipprcssi) c.mpabilitv similar in) tunction to that of the scenario aircraft. The photoelectric smoke detectors
.mme discrete In function but are "and" logic coupled to reduce the potential for false warnings.

,huld .m cargo) fire I warning be sounded, the crew response is to discharge the halon fire suppression agent
and implement Cem pany emergency guidelines for diversion. The crew would not don oxygen or imple-
irment smokc evacuatiMon pro(cdures unless smoke was actually entering the flight deck and or cabin. The
(l iv .rshi n w uld I)c no)rmal, thmat is choosing the closet airport available, weather conditions permitting.
Af-l LA[lding tie. airpl;mmc \vtuld b(: evacuatedL utilizing stand';rd procedures. There would be little or no
change in procedlu-Cs for the baseline aircraft from that of the scenario aircraft.
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7.1.3.2 Concept A

The Concept A airplane incorporates photoelectric smoke detectors mounted in pairs that use consecutive
pulse monitoring coupled with "and" logic to increase system reliability and to reduce false warnings. This
would decrease the possibility of this scenario occurring. However, should this scenario occur, a fire
warning would be displayed on the flight deck on the upper EICAS panel and the electronic checklist for
this particular alert would be displayed on the lower EICAS panel. Immediate implementation of aft cargo
compartment fire procedures would begin. These procedures entail discharging the No. 1 halon suppres
sion bottle into the aft cargo compartment and begin diversion to the nearest airport. After eighty minutes
or upon lanuing approach the second halon bottle is discharged. Emergency evacuation procedures would
be initiated once the aircraft stops. There would be no changes from the basic scenario for either the
baseline aircraft or Concept A aircraft.

7.1.3.3 Concept B

The Concept B airplane incorporates analog photoelectric smoke detectors mounted in pairs coupled with
-and- logic to improve system reliability and to reduce false alarm warnings. The cargo compartment is also
monitored for fire events by a digital output thermal detector. The ability to monitor two parameters of a
fire event (smoke and heat) may provide a further reduction in false alarms, by requiring both parameters
to "see" a fire. (Consideration should also be given to optical detectors as a second source due to their
faster response time for "verifying" the primary detector).

Should a false alarm occur, the flight deck would be alerted by the cargo compartment fire warning system.
The emergency procedure for an aft cargo fire would be displayed on the EICAS electronic checklist.
Following the implementation of the emergency procedures, additional information on the nearest suitable
airport would be available for selection by the flight crew on the inflight diversion planner, also displayed
on the lower EICAS display. The use of the planner will reduce the time required for the flight crew to
select and divert to an alternative airport. After completing the emergency checklist and selection of a
secondary airport, the time history of the thermal and smoke profile could be monitored for changes in
conditions within the cargo bay. Upon entering the landing approach the thermal profile could be briefly
reviewed to determine if a full emergency evacuation procedure should be implemented. If the thermal
monitor displayed no indication of heat buildup the emergency evacuation procedures may not be initiated
and a more orderly deplaneing could be conducted, thereby reducing the potential for passenger injury.

7.1.4 Scenario No. 4

This scenario involves a narrow-body three-engine jet with a two-person flight deck crew. A fire warning
was sounded in the aft lavatory (later determined to be false). The lavatory was inspected by the First
Officer and Flight Attendant, neither finding any sign of smoke, flame, or heat. The lavatory was placarded
-OUT OF SERVICE" for the balance of the flight and the airplane continued to its destination. Subsequent
inspection louncd a faulty detector.

7.1.4.1 757 Baseline Airplane

The baseline airplane is equipped with binary smoke detectors that sound an aural alarm from within the
lavatory. A customer option is available that would display lavatory smoke and fire events on the Upper
EICAS display.

When an alarm s sounded, the occurrence is investigated by the cabin crew and immediately reported to
the flight deck. If there are no indications of smoke or fire, the detector would be reset, providing for
continued monitoring. The lavatory may or may not be placarded as a matter of company policy and crew
discretion. The captain may decide on a further action such as diverting. With the absence of any evidence
to stipprt the likelihood of a smoke or fire event, in all probability the flight would continue on to its
scheduled destination.
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7.1.4.2 Concept A
Concept A provides for additional detection capability in tile lavoratories by the addition of a smoke
detector in the amenities cabinet. All lavatory fire warnings are displayed on the flight deck as well as on
the three cabin attendant panels.

The cabin crew would respond to the alert, first by pushing the flashing button oil the cabin attendants
panel. This action provides for non-verbal communication with the flight deck for when the attendant
pushes the button the light changes form blinking to steady state, thus alerting the flight deck that the cabin
crew is investigating the alert. Following inspection of the alert the cabin attendant could then establish
verbal communication with the flight deck over the aircraft intercom handset located on the attendants
panel. The attendant would reset the alarm(s) and the lavatory would continue to be monitored. The
lavatory may be placarded for the duration of the flight. The flight deck would be made aware of the initial
incident upon the detector alerting. The alert would cause the electronic checklist to display the correct
lavatory emergency procedures on the lower EICAS screen. The flight deck would know that the cabin
attendants were responding to the emergency due to the capability of the cabin attendant panel. Once
handset communications were established, the captain would decide what, if any, action should be taken.
With the lack of collaborative data to indicate a problem, the flight would probably continue to it's sched-
uled dlestination.

7.1.,-t.3 Concept B
The response with the Concept B system would be the same as with Concept A. The detector alerts and
crew procedures implemented are the same for both concepts. Should the flight deck crew decide to divert
to an alternate airport then the inflight diversion planner would be available to provide alternate route and
airport information.

7.1.5 Scenario No. 5
This scenario involves a widebody three-engine jet with a two-person flight deck crew and cabin crew of
twelve. A srmoky odor was detected in the aft cabin area by the flight attendant. Further investigation
revealed a fire had started in tile amenities counter from a discarded cigarette. The fire did not develope to
the flame stage clue to rapid detection and immediate extinguishing by the cabin crew. The fire was
confirmed extinguished approximately seventeen minutes after detection but a decision was made to divert
is a precaution. Emergency evacuation procedures were not implemented when the aircraft stopped. All
passengers exited safely.

7.1.5.1 757 Baseline Airplane
Tihe 7,- baseline airplane is equipped with a photoelectric smoke detector in the lavatory ceiling and a
thermal fused halon potty bottle above the waste paper container which discharges when the thermal fuse
reaches its melting temperature. File ceiling smoke detector will provide an audible alert to the cabin crew
and the procedures followed will be the same as in the above scenario.

7.1.5.2 Concept A

'Ihe lavatory smoke/fire detection for Concept A adds a smoke detector under tile amenities cabinet in each
of the lavo ratories. Each of the detectors is integrated into the avionic bus with the alerts displayed on the
flight deck as well as at the three cabin attendant panels. An electronic checklist will display the proper
emiergcncy procedure the alerts. Events would be the same as in the base scenario.

.1.5 .3 Conccpt B

Concept B does not provide any additional smoke/fire detection systems that would enhance the perfor-
mance (,f the aircraft or crew in this scenario. The chain events would probably unfold the same as they
did in (Concept A. I l wcver, Concept B is equipped with an inflight diversion planner capability that
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provides information about the nearest airport, estimated time of arrival to the airport, runway length, and
emergency services. The decision to divert and land is at the discretion of the flight deck crew.

7.1.6 Scenario No. 6

This scenario involves a widebody four-engine jet with a three-person flight deck crew and an unknown
number of cabin crew. A passenger reports the smell of overheating electrical equipment. Upon investiga-
tion, the cabin attendant turned off the overhead lights and reported to the captain who directed the circuit
breakers also be pulled. Subsequent investigation by the maintenance crew revealed a faulty light ballast
unit in the ceiling area which overheated causing an odor in the cabin. Rapid detection and removal of
electrical power prevented any smoke or fire. The flight continued to its destination.

7.1.6.1 757 Baseline Airplane

An overheated light ballast is assumed to have been detected and dealt within the same manner as the
above scenario.

7.1.6.2 Concept A

The scenario for Concept A would be the same as the base scenario. However, earlier detection of the
overheat and possible smoke might be detected by the overhead (ceiling) detectors. Air movement in the
ballast area would certainly influence if smoke was to reach the ceiling detectors and alarm.

7.1.6.3 Concept B
The scenario for Concept B would be the same as the base scenario. With the apparent small amount of
heat produced by the ballast unit, a ceiling mounted thermal detector would probably not detect the
overheat conditions.

7.1.7 Scenario No. 7

This scenario involves a narrow-body two-engine jet with a two-person flight deck crew. Smoke began
entering the flight deck from just below the flooring. A visuals check of the instruments panels did not
reveal any abnormalities. Smoke could not be detected in the cabin area. The crew donned masks and
began implementing the emergency checklist for electrical fire and smoke shutdown procedures for the
non-essential electrical equipment. An emergency was declared four minutes after detection. The source of
the fire never progressed beyond the smoldering stage, but the smoke remained throughout the flight, both
in the passenger cabin and on the flight deck. Fourteen minutes after detection the airplane landed at a
diversion airport and was evacuated via the emergency slides. Subsequent inspection revealed a wire had
overheated in one of the navigation computers producing the source of smoke.

7.1.7.1 757 Baseline Airplane
The 757 baseline airplane has photoelectric smoke detectors located in the E/E bay that would detect
burning/smoking wiring. The detectors are linked to the avionics data bus and alerts are displayed on the
EICAS display panels. All of the electrical equipment is protected from overheat by circuit breakers.

A wire overheat, as in the scenario, should be detected by the E/E bay detector triggering an alert on the
flight deck. The recirculation fans would be shut off, thus venting the E/E bay cooling air and smoke
overboard. The air [packs would be commanded to high flow configuration. Diversion to an alternate
aiport is assumed to occur as in the base scenario.

7.1.7.2 Concept A

Concept A incorporates the same smoke detection sensors in the electronics equipment bays that is cur-
rently installed on the 757-200 baseline aircraft. These sensors are linked to the avionics data bus and alerts
are displayed on the EICAS panels. In a smoke/fire alert in the lower electronics equipment bay the elec-
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tronic checklist for this event will be displayed on the EICAS panel. The procedures are then manually

implemented by the flight deck crew.

Time saved in landing the aircraft safely results from:

a) Rapid detection of the smoke/fire event;

b) Automatic display of emergency procedures to insure faster and correct implementation.

7.1.7.3 Concept B
The Concept B system incorporates the same smoke/fire detection equipment in the E/E bay that is utilized
in both Concept A and the baseline 757. The emergency procedures for this type of event are the same as
in the Concept A system and are displayed on the flight deck and implemented manually. If a decision to
divert to an alternate airport is made, the inflight diversion planner provides data on alternate airports, field
conditions, weather information, and flying time. The planner reduces crew work load in locating and
setting course to a diversion airport.

Time saved in landing the aircraft safely results from:

a) Rapid detection of the smoke/fire event;

b) Automatic display of the correct emergency procedures;

c) Inflight diversion planner for locating an alternate airport.

7.1.8 Scenario No. 8

This scenario involves a widebody two-engine jet with a two-person flight deck crew. Combustion started
in a coat closet and smoke was detected in the cabin within a few minutes. Extinguishing started two
minutes after detection and an emergency was declared five minutes after detection. A diversion was
initiated seven minutes after detection and the fire was completely extinguished ten minutes after initial
detection. The airplane landed and an emergency evacuation occurred twenty-two minutes after detection.
Due to the rapid detection and extinguishing, the fire did not grow beyond the smoldering stage. Smoke in
the cabin caused some passenger panic and several people were treated for smoke inhalation.

7.1.8.1 757 Baseline Airplane

The baseline airplane is not equipped with smoke/fire detectors in the closet or cabin area of the airplane.
Detection would depend on the presence of the cabin occupants (passengers and crew) and be addressed
in the same manner as the base scenario.

7.1.8.2 Concept A
Concept A provides for installation of smoke detectors to the cabin attic, spaced along the length of the
ceiling and an electronic emergency checklist that provides guidance to the crew for addressing cabin
smoke/fire emergencies.

A smoldering fire in a coat closet would be sensed by the smoke detectors located in the attic. Selective
location of these detectors will provide better protection to the passenger cabin area and reduce the time
required for detection at the onset of the emergency. The detector will provide an alert to both the flight
deck and at the cabin attendant panels. The cabin crew would respond, pressing the correct alert light and
begin an immediate investigation. Simulitaneously, the fire warning will be displayed on the flight deck
along with the electronic checklist. Once the cabin attendants assess the nature and severity of the alert,
voice communication is established with the flight deck. The crew would initiate diversion procedures as a
precautionary measure.
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Time saved in landing the aircraft safely results from:

a) Early detection by the smoke detector located in the attic area of the passenger cabin;

b) Automatic display of the correct emergency procedures;

c) Improvement in flight deck/cabin attendant communications.

7.1.8.3 Concept B

Concept B incorporates the same smoke detection capabilities of Concept A but has, in addition, a thermal
detection system that monitors temperatures in the attic and the inflight diversion planner on the flight
deck.

The outcomc of the scenario for Concept B will be the same as for Concept A . Smoke will be deteo-ted by
the attic detectors, with the similar responses by the cabin attendants and flight deck. The Concept B
systcm is enhanced by the addition of the inflight diversion planner that provides information on the
nearest suital)Le airports. The in-flight capability will assist in speeding the decision, at reduced workload, to
land the aircraft at an alternate airport.

Time ,saved in landing the aircraft safely results from:

a) Early detection by the smoke detector located in the attic area;

b) Automatic display of the correct emergency procedures;

c) Improvement in flight deck/cabin attendant communications;

d1 Inflight diversion planner identifies nearest suitable airports for possible diversion.

7.1.9 Scenario No. 9
This sce:nario in olv0s a narrow-body two-engine jet with a two-person flight deck crew. The passenger
cabin filled with smokc, that w'as initially thought to originate from an electrical failure. Subsequent trial
and error analysis determined that the source of smoke was the left air-conditioning pack. The shut down
10r the lcft pack was followed by an engine fire warning that required engine shutdown and diversion to
the nearest airport.

1.9.1 -7 Baseline Airplane

In the hascline 757 airplane, the initial procedures for determining the source of cabin smoke is similar to
that given above. Once it is determined that the smoke is not the result of an electrical problem, additional
action to detcrminc the smoke source would be initiated. The pack isolation procedures have been deleted
frnin the 75- manual as changes in pack design has greatly reduced smoke being generated as a result of
pack failure. "o isolatC a faulty pack the flight deck would need to employ a trial and error method, first
,,I ittin.- lwn me pack for 5 minutes and observing if the smoke decreases. If the smoke does not de-
creaise, then the pack is brought back online and the second pack is shut down.

Fmr erginc firc varnings, the procedures require the immediate shutdown of the engine and diversion of
the iirc raft to) the nc.rcst suitable airport.

7.1.9.2 Con(cvt A

O.)Ik pt A incorp(rtes a pair of smoke detectors coupled with "and" logic in each of the air conditioning

pa k outlets. Tle smoke detectors in the pack outlet will trigger an upper EICAS panel display "pack
smoke alert.' and the: lower EICAS will display the pack isolation procedure. This procedure will hasten the
slititdown ()I the pa k before a significant anmiunt of smoke could enter the cabin. Significant time in

i,,,Lit g a Lulty iir pa( k can bc achieved with the implementation of the smoke detectors in the pack
,nit!cts by climin.ting4 tei trial and error procedures. Early detection and identification of the smoke source

III p-Ilit if ) '-in itlw.'ot rII uctnio in the amount of smoke that enters the passenger cabin.
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The procedures for engine fire warning, ernergency shutdown, and diversion are the same for both Con-
cept A and the baseline. However, should the engine fire detection occur during the pack smoke alert, the
electronic checklist has a priority override that establishes the higher priority of the two checklists, that is
the engine fire. The electronic checklist will reduce the crew workload in identifying the source of the
smoke, locating the correct procedures and establishing crew reaction priorities.

Time saved in landing the aircraft safely results from:

a) Smoke detection capability in the two pack outlet ducts;

b) Electronic checklist for automatic display and prioritization of emergency procedures.

7.1.9.3 Concept B

For a cabin smoke emergency scenario previously described, the Concept B system response would be
identical to that performed in Concept A. Again, trial and error identification procedures are eliminated.
Concept B will have the additional capability of the inflight diversion planner, that will facilitate landing the
airplane at the nearest airport.

Earlier and precise detection of the smoke source and the electronic checklist capability would be the same
as in Concept A. Concept B has the additional benefit of being able to identify the nearest diversion airport.
at reduced crew workload, by the use of the inflight diversion planner.

Time saved in landing the aircraft .;afely results from:

a,) Early smoke detection - detectors located in the outlet duct of each pack;

b) Electronic checklist for automatic display and prioritization of emergency procedures;

c) Inflight diversion planner to identify nearest airport and reduce crew work load.

7.1.10 Scenario No. 10

This scenario involved a widehody tri-engine jet with a three-person flight deck crew and 11 member cabin
crew. A lint and debris fire started in the sidewall area adjacent to the lower lobe galley from an arcing
electrical power cable. The smoldering fire produced smoke that was distributed overhead, fore and aft
within the check area. The small fire caused the failure of an aluminum hydraulic line that provided a
source of additional smoke. The fire was detected, by the lower lobe galley smoke detector, nine minutes
after ignition. After reviewing the proper procedures, the Flight Engineer was sent, with hand held fire
fighting equipment. to investigate the fire. First attempts at extinguishing were not successful and were
repeated in diminishing conditions. Air Traffic Control was informed of the smoke situation three minutes
after detection bUt diversion was not started until forty minutes after detection. After reviewing several
alternate airfields on the flight path, a military field was selected. Even though several airports were closer
they w ere not selected due to runway length, weather or the availability of emergency equipment. The
airplane was finally landed and evacuated seventy-seven minutes after detection. The fire had prngressed
and was in the flame stage just prior to landing. Ground firefighters finally extinguished the fire.

7.1.10.1 757 Baseline Airplane

The baseline airplane is a narrow-body and does not contain a lower lobe galley. Therefore, this scenario is
niot applicable to this aircraft.

7.1.10.2 Concept A

This sccnario is not applicable to the 757-200 baseline aircraft due the absence of a lower lobe galley.
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For a lower lobe galley equipped aircraft, an ionization smoke detector would be part of the ACES system,
providing smoke/fire protection to this area, same as the base scenario aircraft. The detector would be
linked to the cabin attendant panels and to the flight deck. The verbal and nonverbal communications
feature that the ACES system provides between flight deck and cabin attendants would be beneficial to this
type aircraft. For a two person crew aircraft, the responsibility for responding to a lower lobe smoke alert
would be the duties of the flight attendants.

The electronic checklist would save considerable time in responding to lower lobe galley smoke/fire alerts.
The correct procedures would be displayed on the lower EICAS screen upon the first indication of an alert
to the flight deck. With the Concept A ACES system the cheek fire would be treated as a lower lobe galley
fire, same as the base scenario. The low hydraulic system pressure alert would indicate that a higher
priority problem was occurring and the procedure for such a event would be displayed on the electronic
checklist. The information regarding a hydraulic system failure may alert the flight deck to the correct
location of the fire.

Time saved in landing the aircraft safely results from:

a) Automatic display of the proper emergency procedures which are prioritized to reflect the
nature of the events;

b) The cabin attendants panels and communication systems would provide for quicker exchange
between the crew attending to the emergency and the flight deck.

7.1.10.3 Concept B

The Concept B aircraft has thermal monitoring capability installed in the lower lobe cheek and sidewall
areas. A thermal or flame incident should be detected by the thermal detector in the cheek area when
en, ,ugh heat has been produced to increase the temperature around the sensing element. System resolution
and the proximity of the heat source to the sensor are key elements in accomplishing early detection. The
systcm would alert the flight deck as to the location of the overheat/fire thus avoiding the mistaken conclu-
sion that it is a lower lobe galley incident. The emergency procedures for a cheek area incident would be
to shed electrical load and possibly reconfigure the air distribution system to 100% fresh air. Identification
and isolation of the smoke source quickly will provide time for other procedures such as smoke venting to
be implemented before the conditions are noticed or intolerable in the cabin.

The inflight diversion planner will immediately provide the flight deck information on the nearest airports,
weather conditions, and the availability of emergency equipment and services all of which contribute to the
decision on where to land the aircraft. The synoptic display feature provides a time history of the incident
that can be monitored on the flight deck. This capability would be of value if the intensity of the fire
indicated a rapidly deteriorating situation, forcing the captain to choose a less than optimum airport for
landing.

Time saved in landing the aircraft safely results from:

a) Thermal monitoring, enabling correct diagnosis of incident location;

b) Automatic display of the emergency procedures;

c) Inflight diversion planner providing real time data on the location of the nearest suitable
airport;

d) Synoptic system display capability that provides a time history of the thermal detector output.

7.1.11 Scenario No. 1 1

This scenario involves a narrow-body two-engine jet with a two-person flight deck crew and five member
cabin crew. Food trays left in a galley oven began smoldering and went unnoticed for a short period of
time. The smoke was detected by a passenger twelve minutes after the smoke started. The cabin crew was
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alerted and an initial attempt was made to extinguish the smoldering food. The smoking continued
unabated. The First Officer was sent to investigate with an additional hand held extinguisher. A possible
emergency was declared by the captain seven minutes after initial detection. Circuit breakers to the ovens
were pulled, removing power from the galley four minutes after detection. The fire was confirmed extin-
guished twenty minutes after detection. A diversion was initiated twenty-seven minutes after detection due
to problems of smoke in the cabin. The airplane landed without incident or the need for emergency
evacuation. The doors were opened prior to taxiing to the gate.

7.1.11.1 757 Baseline Airplane

The baseline airplane does not incorporate smoke/fire detectors in the passenger cabin or galleys. Cur-
rently, the most reliable and sensitive detector is still the passenger when it comes to detecting smoke,
odors, etc., in the open cabin area. The events would be the same as the above scenario.

7.1.11.2 Concept A
The Concept A aircraft will add additional detection capability to the passenger cabin: galley ceiling smoke
detector,. attic ceiling smoke detectors, and the electronic emergency checklist to the baseline airplane.

Tlhe galley ceiling detectors would .,ense the smoke much sooner than given in the scenario. Ionization
smoke detectors are extremely sensitive to very small aerosol/smoke particles. An alarm would be triggered
at the cabin attendants panels and provide an advisory message on the flight deck. The cabin crew would
respond to the cabin attendants panel chime and indicator lights that denotes the affected galley. The cabin
attendants have the primary responsibility to first investigate and assess the source of the alert. Their initial
cabin crew, flight deck communications would be nonverbal through the use of the cabin attendants panel.
Verbal communication would then be established with the flight deck to apprise them of the on going
nature of the situation.

The flight deck would become simultaneously aware of the incident via the Master Warning/Caution
alerting system. The electronic checklist would indicate the alarm originated in the aft galley and provide
the procedures to be performed for an aft galley fire, including electrical power isolation and air distribu-
tion reconfiguration. The electronic checklist would save several minutes ovei the base scenario by remov-
ing the necessity to manually locate the procedures handbook. Smoke removal procedures would be
available on the checklist if conditions should warrant their implementation.

Time saved in the aircraft safely results from:

a Quiike d.tco iuzn of sinokc with galley smoke detectors;

b) Automatic display of the emergency procedures;

c) Faster communication between the flight deck crew and cabin crew by use of the cabin
attendants panel.

7.1.11.3 Concept B

Tlhe Concept B aircraft has all the improvements of Concept A, plus the capability of both the inflight
diversion planner and thermal monitoring.

The sequence of events would be similar to those described in Concept A above. After the flight deck
completed steps given by the electronic checklist, the inflight diversion planner would be called up on the
lower FICAS display to provide information on the nearest airport to be accessed. Data, such as time to the
airport, weather conditions, runway lengths, and equipment available can be displayed.

lime saved in landing the aircraft safely results from:
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a) Faster detection as a result of smoke detectors installed in the galleys;

b) Automatic display of the emergency procedures;

c) Inflight diversion planner to provide information on available alternate airports.

7.1.12 Scenario No. 12

This scenario involves a narrow-body four-engine jet with a three-person crew. This was an all-cargo
airplane on an overseas flight when a fire started in the main deck compartment from spilled corrosives.
The fire was detected by the crew 34 minutes after ignition, when the smoke entered through the return air
grilles that connected the cockpit to the avionics bay. The crew did not determine the location nor source
of the fire. Two minutes after detection, a turn back was initiated, but there was no urgency to land at the
nearest airport. En route, the conditions grew worse and the crew requested the closest airport. Control of
the airplane was lost 36 minutes after detection and less then five minutes before landing due to the
improper shedding of the electrical load. The yaw damper had been turned off.

Note: The baseline scenario does not define the fire detection system on the airplane, the air distribution
,system, nor the air path between the cockpit and main deck cargo compartment.

7.1.12.1 757 Baseline Airplane

The baseline airplane that most closely simulates the scenario aircraft is the 757 package freighter. This
aircraft is configured with smoke detectors in the main deck cargo area. The cargo compartment is com-
pletely separated from the cockpit by a rigid barrier and the crew door does not penetrate the cargo
compartment. The cockpit air supply is directly from the air pack and vents along the lower lobe cheek
areas to the outflow valve.

In this scenario it is expected that the main deck smoke detectors would sense the smoke soon after the
acid spill. This should remove the confusion which existed in the base scenario as to the location of the
fire. The crew would initiate a diversion to the nearest airport. Early diversion (or turn back) would put the
airplane back on the ground within 20 minutes (the same time it took the crew to detect the smoke in the
baseline scenario), providing the crew time to evacuate the airplane.

7.1.12.2 Concept A

The Concept A aircraft would add dual, multi-pulsed, "and" linked smoke detectors to the main deck cargo
uomppartaent and an electronic emergency checklist on the flight deck.

The si)kc generated from an acid spill, as described in the base scenario, is expected to be detected as
describcd in the baseline 757 airplane. An alert of this type would cause the appropriate electronic emer-
',nc checklist to display the emergency procedures for controlling airflow in the fuselage and to divert to

othe ncarcst li urport.

Thc ACES system, in conjunction with better flight deck awareness of smoke/fire incidents, should result in
earlier detection of the event and diversion to an alternative airport, thus providing the crew additional time
to evc',ataIe th airplanc.

'li maved in landing the aircraft safely results from:

a0 I)ctectioi n (f incident sooner;

h) AutomatiC displav of the emergency procedures;

I lo Ici'irhtcrled crew awareness of seriousness of a smoke/fire event
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7.1.12.3 Concept B

The Concept B aircraft incorporates analog smoke detectors, a thermal monitoring system, the inflight
diversion planner, and synoptic display to the Concept A systern.

An acid spill, as described in the base scenario, would be detected at the same time as in Concept A (about
10 minutes after the spill). 'he electronic checklist would display the appropriate procedures and the
inflight diversion planner would automatically display a selection of airports for possible diversion. The
synoptic display system would be available to monitor both tie level of smoke and temperature in the
compartment while the aircraft is diverting to an alternate landing site.

'nlimc saved in landing the aircraft safely results from:

a) Detection of incident sooner

b) ALutomlatic display of the emergency procedures;

C) lntli.,ht diversion planner for locating nearest airport;

d) Synoptic di.splay for monitoring event - thermal and smoke;

e I leii.htned crew awareness of seriousness of a smoke/fire event.

-. 1.1 3 Scenario No. 13

lhi., scenari involves a widebody two-engine jet with a two-person flight deck crew. A cabin fire started
fro)m a lighted match igniting papers and lighter fluid in a passenger's hand luggage. The fire quickly
>piracl to adjaccnt seaits and furnishings. The fire was detected in less than one minute and completely
exting.uished within ti,lir minutes. Five minutes after detection an emergency was declared by the Captain
and a diversion initiated. During descent, after the aircraft had reached safe altitude and airspeed the doors
\were opened to improve smoke removal. The airplane landed and the evacuation was complete twenty-
Lfur minutes after the fire was detected. The fire did not developed beyond a short flame stage due to

Iipid dctcktion and extingui shing.

7.1.131 7 5,7 Baseline Airplane

All ncwcr airplanes use improved flame resistant materials for seats and interior furnishings. The incident
w<,uld be instantly detected by the passenger responsible and responded to rapidly by the cabin crew.

The oc(luenc A evcnts would not differ from the base scenario.

-. 1.13.2 Concept A

tA ,lcept A has smoke detectors in the attic area, electronic checklist, and expanded cabin attendant panel
c apalilitv.

[hC scijucnc e Of events would be similar to the base scenario. Given the speed with which the incident
"\,I" detected 1w Ihe cabin attendants the attic smoke detectors would not be expected to respond until
alter tic flighit deck h[ad bcen inforrmed by a cabin attendant. The flight deck would access cabin smoke
vcntitii prOcedureII bV using the electronic emergency checklist. The flight deck crew would remain on the
tiIghit dec,-(-k and rely on (tie cabin attendants to communicate using the handset. The scenario would
pnc >res>In th sa1me maIner is described in the baseline 757 case.

7.1.13.3 ('on pt B

lli a'ipplic t(i>n (I the Conccpt 1B systems to this scenario would have similar results to those expected in
(,()I)( cpt A Tle ahlIdit ion (if the inflight diversion planner to Concept A is the single feature that has an
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Events would be similar to Concept A, however, the inflight diversion planner would reduce the workload
of identifying and navigating to a diversion airport. Due to the rapid extinguishing of the fire the attic
detectors, smoke and heat, would probably not alarm.

7.1.14 Scenario No. 14

This scenario involves a narrowbody, Combi configured aircraft with the Class B main deck cargo compart-
ment located in the forward half of the airplane. The aircraft carries a two person flight deck crew and a
full complement cabin crew, one of whom is the on-board firefighter (F/F). The Class B cargo compartment
is C(juippl(ld with a smoke detection system but no extinguishing capability, other than hand held extin-
guicshers deployed by the on board F/F. Two hours after take-off a smoke odor is noticed by a cabin
attendint, who relaxs the information to the flight deck. The flight crew evaluates the aircraft systems and
no abnormal conditions are found. The odor increases and the flight deck is again informed. The F/F enters
the nain deck cargo colnpartment to investigate. Upon entering the source of smoke becomes evident as a
thin haze hangs in the air. Sinultaneously the smoke alarm sounds on the flight deck. The flight deck crew
initiates a diversion to an alternative airport following the first indication of alarm. The F/F then retrieves a
fire extinguisher charged with halon. Upon returning to attack the fire he finds the smoke density has
ncreased dramatically and alerts the flight deck. A cargo pallet is the source of the smoke, Clue to low
\isibilltv the best place to discharge the halon is difficult to determine. The F/F discharges the halon and
goes to retrieve a se cond extinguisher. Following the discharge of the second extinguisher the situation
appears to impro e. The F, F leaves the compartment to escape the irritating smoke after having assessed
the situjitiom as ,stabilized. Smoke had entered the passenger compartment causing noticeable tension
amon1g the pacngers. The F/F prepares to reenter the compartment to further assess the situation. Smoke
contilUCS to enteqlr the passenger compartment whenever the F/F opens to door to enter the cargo compart-
ment. 'hu. passenger compartment slowly clears of smoke, but passenger anxiety is high. The nearest
airp )rt remains .) mnintCS away. The Class B cargo compartment remains full of smoke for the duration of
tlhe flight, hut no i'dlditional smoke enters either the passenger compartment or the flight deck. The airplane
lands and the emcr-cncy slides are deployed to evacuate the aircraft.

. 11-. 1 7-7 Baseline Airplane

The -':- ( i-ml i (onfigured airplane employs "fire blankets" to cover all palletized cargo, a trained F/F, and
a smoke detcction system. The fire blankets cover the cargo to form a mini Class D cargo compartment.
Any tir, cc irriig inside the cover pallet will be suppressed as a result of oxygen starvation. If smoke
'lhu11d I1(:lk out frn ,i tinder the blanket the smoke alarm would sound and the F/F would don a fire
protcotiin suit and investigate'attack the fire using hand held fire extinguishers. The event should not
pr),igrcss t) the extent it did in the base scenario, minimal smoke should enter the passenger compartment.

-1.1-1.2 (>)nc(c'tpt A

Ci nce)t A ha, milti-pmlserd 'and" linked photoelectric smoke detectors in the Class B cargo compartment
tid ain elctr nmi. checklist oin the flight deck. Fire blankets are assumed to be used in future 757 Combi
riftr. 'he electronic checklist would insure thait all flight deck procedures would be carried out in a

tiimelv and currect uianner. This scenario wo' jU duplicate the 757 baseline situation; minimal smoke should
enter tic passenger coimpartment and the passengers may well never know of the incident until the
eIn'i 'gencv Vltlatil n vas lnadIc.

-. I. t.3 C( ) -nr'it 1B

li(, dildiw n 4if a tcrmal m'onit ring system, the inflight diversion planner, and the synoptic display are the
)nce'pt , fc(itu r ' that cintril)ute to improvements in this scenario.

lfI i ,' ill~ini v, md)l ause the electronic checklist for a main deck cargo fire to be displayed on the
!,,' 1\ I( , c-n. 'lic flig4ht crew would implement the emergency checklist procedures, consult the
Hill ,Alit <l's..,i,> plannlcer fIr i nformation on the availability of airports and make flight path changes as
w(1p? '. II tiii, p'1 ii. ()r ile situatii n denands, the synoptic display will be called tip and the detector
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output from both the smoke and thermal detectors could be monitored. The synoptic display will provide
the flight deck with information regarding the ongoing conditions in the (Class B) cargo compartment. The
information would be of great valuable should the smoke/fire event intensify requiring a more severe
diversion action as a result of thermal conditions reaching catastrophic levels.

An interesting and alternative approach to fire blankets has been designed by Pellew Engineering and is
discussed in Section 6.3.8.1. The Pellew system connects each container and/or pa!let to a monitoring/
suppression system on-board the aircraft. The smoke would be detected at a very early stage, by the
miniaturized CO monitor, the flight deck would be alerted and initiate discharge of a fire suppression agent
(halon) to the targeted container/pallet. The Pellew system, in effect, makes each container and covered
pallet a mini Class C cargo compartment - smoke/fire detection and suppression. An emergency would be
declared and the inflight diversion planner would be used to locate the nearest available airport.

8. CONCLUSIONS

Given the outstanding safety record and pcrformance of the 757-200 baseline aircraft, improvements can be
further realized with the implementation of new capability sensors now on the commercial market.

8.1 The reaction/response time to an inflight smoke/fire emergency can be significantly
enhanced with the implementation of an electronic checklist of emergency procedures
tailored for specific events.

8.2 Both verbal and nonverbal communications between the flight deck and cabin crews can
be significantly improved with a new cabin attendants panel that interfaces with both the
cabin sensors and aircraft data bus.

8.3 The potential for false alarms, the necessity to divert to an alternate airport, and subse-
quent passenger injuries sustained in emergency evacuations, can be significantly
reduced with the implementation of new types of sensor systems, computer controls and
displays.

8.4 Once an emergency situation has been declared, the inflight diversion planner can be
utilized to facilitate a more expedient decision as to where to land by providing the flight
deck crew with alternate airport information, including estimated time en route, runway
suitability, weather, and rescue and fire fighting capability.

8.5 Thermal monitoring affords the flight deck crew the opportunity to establish and monitor
various compartment temperatures before an alarm has sounded and a response has
b)een initiated, and may provide indications to the flight crew that other procedures must
be initiated earlier than normal.
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Appendix A

Smoke and Fire Detector

Summary
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Detector Performace Summary

Detection Device Advantages Disadvantages Comments

Infrared Detectors Rapid response time Affected by ambient Indoor fires
(10 ms) temperature changes

Moderate cost A, B class fires

Insensitive to sunlight Detects only flame

Ultraviolet Detectors Rapid response time Blinded by smoke Outdoor/indoor
applications

Very sensitive to fires Subject to false alarms A, B & D class fires

Automatic selft test Detects only flame

Photoelectric (several types Can be faster than ion Indoor use where smoke is
- see below) detectors contained

Can be used with a Generally less sensitive to
fixed piping system black than paler smoke

Low unit cost

Adjustable sensitivity

Beam-Type Photoelectric Capable of detecting Sensitive to voltage Photoelectric detectors
incipient fires variations respond to 2nd stage

(smoldering) fires

Sensitive to dirt on lamp or
lens

Reflected Beam Capable of detecting Requires high battery
Photoelectric (spot-type) incipient fires standby capacity

Sensitive to pale smoke

Not sensitive to variations
in temperature, humidity or
air movement

Gas (Fume) Detectors Multi-point monitoring Expensive Generally used for
remote system industrial hazard

monitoring
Not affected by changing
environment

Rapid response

Alarm points can be preset

Ionization detector (several Low unit cost Easily contaminated Indoor use class A, C & D
types - see below) fires

Incipient fire detection Excessive dust triggers false Contains small amount of
alarms radioactive material

Single Chamber Most economical of this Can be affected by changes Generally best in low air
class in weather or altitude turbulence and no heavy

accumulation of smoke

Dual Chamber Accepts wide rage of Low voltage units have low
atmospheric variations profile detector heads
without false alarms
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Detector Performace Summary (Continued)

Detection Device Advantages Disadvantages Comments

Low-voltage Needs only 24 volts Increased temperature can Generally sensitivity
decrease sensitivity decreases with humidity

and increasing altitude

Combustion Resistance Dual mode - less false Both modes must detect

Bridge/Ion alarms fire by-products

Less sensitive to dust, Resistance bridge detects
aerosol sprays and water driven off by fire
humidity

Triple Chamber Third chamber improves Chambers are reference.,
Ionization Detector sensitivity and stability detection, and balance

screening

Wide temperature range In theory, improved
(-200 to 800 F) electronics design and

reliability will make

multiple chambers
unnecessary

Fixed Temperature Simple Heat activated Used where no life hazard
is present

Inexpensive

Low power consumption

Metallic Rate-of- Detects preset temperature Activated by rapid Not smoke sensitive
Compensation Thermal temperature increase
Detectors

Rate-of-Rise Therti-i! Simple Herat must impinge
Detectors

Low cost Detects only rapid

temperature increase

Line-Type Thermal Can take severe abuse Only detects A T's

Detectors

Alarms at low A T's

Line-Type Detectors None Not applicable to Used only on belt bearings
Conveyor Lavatory-'alley fire

detection based on

available information

Bulb Detection System Simple Detects hear rise and
corresponding A P

No electricity required

Can activate mechanical

extinguishing system

Condensation Nuclei Detects incipient fires Requires plumbing
Detector

Laser Beam Detector Detects heat and smoke Expensive

Little information available

Taguchi Gas Sensor Low cost Senses gases not Not a smoke detector

combustion products
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